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ABSTRACT 


The  specific  objectives  of  Project  l*lb  included  the  determination 
of  pressure  vs  time  variations  vith  ground  range>  at  and  near  the  ground 
surface,  for  five  nuclear  shots  detonated  at  very  high,  intermediate,  and 
relatively  low  heights  of  burst,  as  well  as  a  limited  study  of  the  near- 
sxirface  underground  accelemtions  produced  by  air  burst  explosions.  Us¬ 
ing  these  data,  the  report  discusses  air  blast  scaling  lavs,  Meich  re¬ 
flection  (path  cf  the  triple  point),  precursor  chfiu:*acteri8tics,  the  em¬ 
pirical  height  of  burst  chart,  and  earth  accelerations.  The  results  of, 
some  experiments  on  instrumentation  axe  inoluded  an  Appendix  B.  u 

The  perfox'mance  was  highly  satisfactory  except  on  Shot  10,  during 
which  cables  were  broken  when  several  towers;  blew  down.  The  gage  records 
are  reproduced  (in  reduced  fom)  in  Appendix  A.  Data  from  the  lecords 
have  been  tabulated  in  two  ways  —  as-read,  and  A-sceiled  (normalized  to 
one  KT  radiochemical  yield  with  gage  at  sea  level  conditions).  These 
data  are  tabulated  and  appear  in  numerous  graphs,  together  with  compos-* 
ite  curves  to  emphasize  certain  comparisons. 

In  terms  of  fulfillment  of  the  objectives  of  the  tests,  the  follow¬ 
ing  statements  may  be  made.  For  convenience,  the  statements  are  rather 
positive;  the  qualifications  and  assumptions  which  accompany  them  are 
detailed  in  the  text. 

1.  On  the  basis  of  the  comparisons  of  A-Jcaled  maximum  pressures, 
phase  durations  and  ii>. pulses,  the  total  air  blast  phenomena  of 
U-K  Shot  9  and  lUMBlfR  Shot  1  scale  very  well.  The  vieid  ratio 
for  these  two  shots  was  about  26:1  and  both  were  detonated  over 
the  same  surface  at  an  A-scaled  burst  height  of  750  ft. 

2.  Shot  9  data  indicate  that  the  theoretical  analysis  of  Mach  triple 
point  trajectory  near  the  ground  surface  is  not  applicable  for 
this  intermediate  height  of  burst.  Thermal  effects  are  such 
that  Mach  reflection  appears  to  begin  at  very  short  ground  ranges 
and  the  rise  of  the  triple  point  shows  two  plateaus  below  the 

10  ft  level. 


The  precursor  pressure  waves  observed  on  Shots  10  and  11  indi¬ 
cate  that  precursor  effects  are  increased  when  the  A-scaled 
burst  height  is  decreased  from  300  to  200  ft.  previous  obser¬ 
vations  of  the  depression  of  maximum  measured  surface  air 


00 
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pressures  in  the  precursor  region  were  confimed, 

4.  Precxirsor  wave  front  orientations  obtedLned  from  arrival  tine 
data  seem  to  confim  the  heated-layer  theory  of  precursor  for¬ 
mation. 

Additional  data  for  a  composite  height  of  hurst  chart  were  ob¬ 
tained  for  a  number  of  scaled  burst  heights.  Correspondence 
with  previous  data  is  good  in  the  low  pressure  region,  but  not 
so  in  the  10-50  psi  region. 

6.  A  single  measurement  of  dynamic  pressure  on  Shot  11  indicates 
that  in  a  region  of  thermal  disturbance  the  Pitot -tube  q  gage 
measures  a  peak  dynamic  pressure  which  is  significantly  higher 
than  the  value  one  would  compute  using  the  measured  side -on 
pressure  and  the  classical  Rankine-Hugoniot  relations. 

7*  The  earth  acceleration  data  confirm  results  obtained  on  Opera¬ 
tion  TUMBLER  and  yield  some  information  on  the  effect  of  gage 
depth  upon  observations. 

Recoomiendations  for  directions  of  future  studies  are  included. 
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FOREWORD 


This  report  la  one  of  the  reports  present'' ng  the  results  of  the  7^ 
projects  participating  in  the  Mili-tary  Effects  Tests  Prcgraa  of  Opera¬ 
tion  UPSHOT-KNOTHOLE >  which  included  11  test  detonations.  For  readers 
interested  in  other  pertinent  test  infomation^  reference  is  mde  to 
WT-782,  Sunnary  Report  of  the  Technical  Director,  Military  Effects  Pro¬ 
gram.  This  sumnary  report  includes  the  following  infomation  of  pos¬ 
sible  general  interest. 

a.  An  over-all  description  of  each  detonation >  including 
yields  height  of  burst >  groxmd  zero  location >  time  of 
detonation,  ambient  atmospheric  conditions  at  detona¬ 
tion,  etc.,  for  the  11  shots. 

b.  Cooipilation  and  correlation  of  all  project  results  on 
the  basic  measurements  of  blast  and  shock,  thermal 
radiation,  and  nuclear  radiation. 

c.  Compilation  and  correlation  of  the  various  project 
results  on  weapons  effects. 

d.  A  summary  of  each  project,  including  objectives  and 
results . 

e.  A  coiq)lete  listing  of  all  reports  covering  the  Mili¬ 
tary  Effects  Tests  Program. 
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SECRET 


CHAPTER  1 

INTRODUCTION 


1.1  HISTORY 

Los  Alamos  Report  LA-7^3R^^*  published  in  19^9,  included  w'lat  was 
then  known  concerning  the  optimum  height  of  burst  for  maximizing  the 
area  of  peak  air  blast  overpressure  at  ground  level.  This  information 
was  based  upon  the  theory  governing  the  reflection  of  plane  uniform 
shocks  from  a  perfectly  reflecting  plane  surface,  together  with  limited 
nuclear  explosion  data  from  the  Bikini -Able  air  drop  and  from  a  few 
tower  shots.  The  Operation  BUSTER  shots  in  the  fall  of  1951  revealed 
considerable  discrepancy,  both  in  magnitude  and  in  wave  form,  between 
the  predicted  and  observed  ground  level  pressures. S/  The  BUSTOR  shots 
were  the  first  well-instrumented  nuclear  bursts  using  operational  heights 
of  burst.  The  discrepancies  encountered  were  attributed  to  instnimen- 
tation  difficulties,  thermal  effects,  dust,  induction  signals,  etc.  The 
Operation  TUMBLER  shots  in  the  spring  of  1952  were  planned  to  resolve 
these  differences. 

The  results  of  the  TUMBLER  shots  confirmed  the  fact  that,  at  rela¬ 
tively  low  scaled  heights  of  burst,  the  form  of  the  pressure  wave  de¬ 
parts  considerably  from  the  conventional  form  expected  from  tneoretical 
considerations  and  smedl-scale  HE  experiments.^/  These  unexpected  re¬ 
sults  were  shown  to  be  associated  with  the  thermal  radiation  acting 
jointly  on  the  earth's  surface  and  on  the  clouds  of  surface  dust,  wriich 
combined  to  produce  a  thermaJL  layer.  This  layer  was  shown  to  be  quali¬ 
tatively  capab-e  of  affecting  the  blast  wave  by  lowering  the  peak  pres¬ 
sure,  increasing  the  rise  time  of  the  shock,  and  increasing  tne  velocity 
of  propagation  of  the  initiad  air  pressure  wave.  The  last  of  these  ef¬ 
fects  of  the  thermal  layer  sometimes  resulted  in  an  anticipatory  pres¬ 
sure  wave  called  a  "precursor."  In  aiddition,  the  TUMBLER  data  indicated 
marked  deviation  from  the  theory  of  irregular  (Mach)  reflection. 

Not  enough  quantitative  data  were  obtained  from  TUMBLER  to  permit 
the  development  of  analytical  techniques  for  predicting  tne  magnitude 
of  the  effects  of  the  thermal  disturbances  under  a  known  set  of  condi¬ 
tions.  Factors  such  as  the  thermal  absorption  coefficient  of  the 


♦  Superscript  numbers  denote  references  listed  in  the  Bibliography  at 
the  end  of  this  report. 
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surface,  the  moisture  content  of  the  surface,  and  the  thermal  absorp¬ 
tion  coefficient  of  the  dust  cloud,  almost  certainly  enter  into  the 
total  effects.  The  problem  is  further  complicated  by  turbulence  in  the 
thermal  layer  so  that  single  measurements  of  air  pressure,  temperature, 
velocity,  or  other  quantities  do  not  necessarily  represent  the  macro¬ 
scopic  conditions  in  the  vicinity  of  the  point  of  measurement.  It  was 
hoped  that  some  of  these  unsolved  matters  could  be  clarified  using  the 
results  of  Operation  UPSHOT- KNOTHOLE. 

The  original  plans  for  UPSHOT-KNOTHOLE  included  a  total  of  10  shots, 
the  first  eight  developmental  shots  to  be  fired  in  Yucca  Flat,  and  the 
last  two,  for  military  effects,  to  be  fired  in  Frenchman  Flat.  Toward 
the  end  of  the  operation  another  developmental  shot  was  added  to  the 
test  series. 

1.2  OBJECTIVES 


The  general  objectives  of  Program  1  were  (l)  to  add  additional 
knowledge  to  blast  phenomenology,  particvilarly  with  respect  to  air  blast 
scaling  laws,  Mach  reflection,  and  precursor  characteristics,  and  (2) 
to  obtain  for  other  effects  programs  definitive  data  on  blast  phenomena 
resulting  from  the  two  military  effects  shots  (Shots  9  and  10).  Tnis 
report  covers  a  portion  of  Program  1  (Project  1.1b)  as  directed  toward 
these  objectives. 

The  specific  objective  of  Project  l.lb  was  to  determine  the  pres¬ 
sure  vs  time  variations  with  distance  from  ground  zero  at  and  near  the 
ground  surface,  for  five  nuclear  shots  at  very  high,  intermediate,  and 
relatively  low  heights  of  bui-st.  Three  of  the  shots  were  to  be  deto¬ 
nated  at  a  low  scaled  height;  however,  the  spread  in  radiochemical 
yields  of  the  three  shots  was  350:1. 

A  secondary  specific  objective  was  to  determine  the  near-sjrface 
underground  accelerations  produced  by  air  burst  explosions  for  the  pur¬ 
poses  of  (l)  supplementing  similar  data  obtained  on  TUMBLER,  and  (2) 
supplying  support  measurements  to  the  effects  projects  dealing  with 
buried  target'-,  foxholes,  field  fortifications,  and  the  like. 

1.3  THEORETICAL  CONSIDERATIONS 


This  section  presents  some  of  the  theoretical  considerations  con¬ 
cerning  the  phenomena  involved  in  the  air  burst  of  a  nuclear  weapon. 
These  considerations,  although  not  original,  should  aid  in  clarifying 
the  analysis  of  the  data  obteiined  on  UPSHOT- KNOTHOLE. 

Three  topics  axe  discussed  in  this  section:  Mach  stem  phenomena, 
precursor  phenomena,  and  earth  acceleration.  The  small  amount  of  analy¬ 
sis  presented  for  other  problems  will  be  in  :*oduced  in  the  appropriate 
portion  of  the  discussion  (Chapter  5)* 

As  used  in  this  report,  the  term  "pressure”  denotes  overpressure, 
i.e.,  gE^e  pressure.  The  "side-on  pressure"  is  the  difference  between 
the  pressure  at  any  point  within  the  blast  wave  and  the  press-ure  in 
front  of  the  shock. 
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1«3*1  Ifcich  Stea  Phenoaena 


It  Is  veil  knovn;  in  oblique  shock  reflection  theory^  that  for  a 
shock  v&ye  in  a  gas  striking  a  rigid  boundary  conditions  aay  exist  in 
vhich  regular  reflection  is  not  possible  .1/  It  is  possible  to  define  an 
incident  angle,  called  the  extroie  angle,  beyond  vhich  no  regular  re¬ 
flection  occurs.  This  extreae  angle  is  a  function  of  the  incident  shock 
pressure,  as  shown  in  ?ig.  1.1.  It  is  clear  that  as  the  shock  strength 
is  decreased,  the  acoustic  llait  is  approached  and  thus  the  Halting 
angle  aust  approach  90  degrees. 


dP,  OVERPRESSURE  IN  INQOENT  SHOCK  (PSi) 
Fig.  1.1  Extreme  Angle  vs  Shock  Pressure 


It  has  been  found  experiaentally  that,  depending  on  the  shock 
strength  of  the  oblique  shock  vaye  iapinglng  upon  a  rigid  boundary, 
there  is  a  critical  incident  angle  at  vhich  the  reflected  shock  vlH 
barely  be  capable  of  deflecting  the  stream  so  that  it  beccaes  parallel 
to  the  boundary  plane.  Beyond  these  critical  conditions,  the  signal 
propagates  back  from  the  reflected  shock  into  the  region  between  the 
shocks  and  causes  a  fusion  (Nach  reflection)  of  the  incident  and  re¬ 
flected  shocks. 

This  process  of  Nach  reflection  originates  at  the  boundsxy  and 
gradually  spreads  into  the  volume  of  the  gas.  As  it  spreads  t>ie  two 
shocks  merge  and  form  a  "Y"  pattern  standing  on  the  boundary.  In  Nach 
reflection,  it  is  as  if  reflection  were  no  longer  caused  directly  by 
the  boundary  but  rather  by  a  cushion  of  air  resting  on  the  boundary. 

It  should  be  pointed  out  that  the  preceding  analysis  of  reflection  as¬ 
sumes  that  the  air  has  no  velocity  component  normal  to  the  bovndary  be¬ 
fore  the  arrival  of  the  incident  shock. 
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The  qualitative  picture  of  Mach  reflection  la  quite  aiaple  for 
the  case  of  a  plane  shock  Incident  on  a  boundary.  The  problem  Is  more 
coiq;)llcated  In  the  case  of  air  blar-t  pressurp  from  a  bond).  First,  the 
angle  of  Incidence  and  shock  strength  change  as  the  blast  vave  proceeds 
outvard  from  ground  zero.  In  addition,  the  spherical  character  of  the 
vave  MLkes  a  quantitative  difference  vhere  Mach  reflection  occurs,  vhlle 
It  Introduces  no  additional  features  In  the  case  of  regular  reflection. 
This  Is  true  because  regular  reflection  takes  place  entirely  In  the 
neighborhood  of  a  single  point  on  the  boundary  and,  therefore,  only 
local  conditions  at  that  point  enter.  The  Mach  **1**  type  reflection,  on 
the  other  hand,  extends  over  a  finite  area  and  the  properties  of  the 
shock  In  a  larger  area  nov  become  relevant. 

It  nay  be  profitable  to  look  at  the  assiaptlons  associated  vlth 
shock  reflection  theory  In  the  light  of  effects  from  an  air  burst  nu¬ 
clear  bomb: 

(l)  It  Is  assumed  that  the  earth’s  surface  presents  a  perfect 
reflector  to  the  oncoming  Incident  blast  vave.  In  this  regard.  It  Is 
possible  to  define  a  reflection  coefficient,  vhlch  Is  a  ratio  of  the 
apparent  boob  tonnage  as  Indicated  by  the  reflected  and  Incident  pres¬ 
sure  vs  distance  curves.  That  Is: 


K  = 


(p  constant). 


(1.1) 


vhere  Rj.  Is  the  radial  distance  corresponding  to  a  reflected  pressure 
and  Rf  Is  the  radial  distance  corresponding  to  the  same  pressure  magni¬ 
tude  on  an  Incident  pressure  vs  distance  curve.  According  to  regular 
reflection  theory,  for  veak  shocks  at  large  Incident  angles  (large 
ground  ranges)  this  reflection  factor  should  be  equal  to  2,  idilch  cor¬ 
responds  to  the  effect  from  the  bomb  and  Its  Image  at  larger  radii.  The 
data  available  ai^e  for  reflections  from  smooth  concrete.^  In  this  case, 
It  vas  found  that  K  s  1.3,  shoving  that  even  for  this  fairly  Ideal  case 
there  Is  a  loss  of  some  energy  upon  reflection.  This  energy  loss  may 
be  significantly  greater  at  the  alr-e6urth  boundary  of  UPSHOT-KROTEQLE, 
^dilch  could.  In  turn,  alter  somewhat  the  curve  shown  In  Fig.  1.1. 


(2)  The  a8Su^ptlon  Is  made  that  the  Incident  shock  vave  travels 
through  undisturbed  air.  It  Is  knovn  that  the  thermal  radiation  from 
a  nuclear  bomb  Is  appreciable.  For  a  20  KT  veapon  approximately  33  per 
cent  of  the  energy  Is  emitted  as  thermal  radiation.  This  radiation  pre¬ 
cedes  the  blast  vave  and  heats  the  earth  and  sometimes  the  air  before 
the  arrival  of  the  air  blast  shock  at  any  radius.  In  view  of  this.  It 
would  seen  that  the  theoretical  assumption  that  the  Incident  vave  Is 
traveling  through  an  undisturbed  medium  Is  not  entlrel;/  valid.  One 
would  expect  that  the  effects  of  thermal  radiation  would  be  particularly 
pronounced  for  large  nuclear  bombs  exploded  at  relatively  low  burst 
heights  (scaled  heights  of  burst  less  than  kCO  ft).  For  these  cases, 
heating  can  be  so  Intense  that  spontaneous  boiling  up  of  the  earth's 
water  of  hydration  ( '’popcoming ")  can  occur.  The  popcormlng  gives  rise 
to  a  layer  of  dust-laden  air  near  the  ground  surface^vhlch  may  provide 
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an  effective  medium  for  heat  transfer  between  the  incident  thermal  radia 
tion  and  the  air. 

At  present,  there  exists  only  fragmentary  experimental  evidence 
of  what  occurs  when  a  shock  wave  impinges  upon  a  thermal  boundary  layer. 
One  piece  of  evidence  is  the  result  of  an  experiment  performed  in  the 
Princeton  University  shock  tube. 5/  The  interferograms  show  that  the  in¬ 
cident  shock  disappears  in  the  thermal  layer,  a  slow  pressure  rise  pre¬ 
cedes  the  main  shock  near  this  layer,  and  something  resembling  a  re¬ 
flected  shock  is  present.  There  is  no  evidence  on  the  interferograms 
of  a  shock  being  transmitted  in  the  thermal,  layer  above  the  heated  plate 
If  this  same  phenomenon  were  experienced  in  full-scede  effects  testing, 
the  observed  incident  and  reflected  pressures  at  aboveground  gages  would 
indicate  the  presence  of  a  Mach  "Y"  reflection  with  the  height  of  the 
"stem”  approximately  equal  to  the  thickness  of  the  thermal  layer.  How¬ 
ever,  one  should  call  this  type  of  reflection  a  "thermal -Mach  reflec¬ 
tion,"  because  it  does  not  represent  irregular  reflection  in  the  same 
sense  as  does  the  Mach  reflection  described  previously. 

In  addition  to  the  formation  of  the  thermal -Mach  reflection,  the 
thermal  layer  will  probably  etffect  the  more  conventional  Mach  phenomena, 
the  theory  of  which  assumes  no  preshock  velocity  components  perpendicu¬ 
lar  to  the  boundary  plane.  Probably  the  thermal  layer  will  act  to 
"smear  out"  the  critical  angle  value  corresponding  to  a  particular  shock 
strength.  The  reasoning  here  is  that  there  will  undoubtedly  be  a  good 
deal  of  turbulence  in  the  thermal  layer  which  would  give  rise  to  com¬ 
plicated  air  and  dust  velocity  gradients  before  the  arrival  of  the  in¬ 
cident  shock.  Since  the  Mach-type  reflection  extends  over  a  finite 
area,  it  is  likely  that  these  disturbances  would  affect  the  formation 
and  trajectory  of  the  Mach  triple  point.  If  the  effects  due  to  the 
thermal  absorption  persist  out  to  the  range  (for  a  given  burst  hc-igi:it) 
which  corresponds  to  the  critical  angle,  then  it  would  be  difficult  to 
define  in  any  simple  manner  the  ground  range  at  which  the  incident  and 
reflected  shocks  should  merge  to  form  a  Mach  "Y." 

Throughout  this  discussion  it  has  been  necessary  to  apply  the 
theory  for  plane  shock  reflection  to  a  case  which  involves  spherical 
waves.  There  are  necessarily  limitations  inherent  in  this  procedure, 
but  the  lack  of  known  theoretical  analysis  of  the  spherical  case  leaves 
no  choice. 

The  increase  in  tne  angle  of  incidence  of  the  expanding  spherical 
shock  results  in  cui  increase  in  the  rate  of  rise  of  the  triple  point. 
Halverson  has  made  extensive  studies  of  the  experimental  data  on  the 
Mach  effect  for  spherical  waves Despite  the  lack  of  a  satisfactory 
theory,  the  use  of  available  experimental  data  together  with  the  W^/3 
scaling  law  enables  one  to  predict  the  main  features  of  the  behavior 
of  a  reflected  spherical  blast  wave.  Figure  1.2  presents  the  theoreti¬ 
cal  curve  for  the  onset  of  Mach  reflection  as  given  in  the  TUMBLER  Sum¬ 
mary  Report. 1/  The  figure  shows  the  variation  of  the  critical  angle  for 
regular  reflection  as  a  function  of  range  aind  height  of  burst;  this 
curve  is  probably  of  more  value  for  prediction  than  is  the  curve  of 
Fig.  1.1. 
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Fig.  1.2  Theoretical  Carve  for  Onset  of  Mach  Reflection 
l.j.2  Precursor  Phenomena 

On  TUMBLER  Shot  4  the  pressure  records  and  high-speed  photography 
clearly  demonstrated  the  existence  of  a  pressure  wave;  out  to  a  distance 
of  about  2000  ft,  which  developed  ei^ound  ground  zero  in  advance  of  the 
incident  shock  wave  from  the  bomb. 2/  This  wave,  because  it  arrives  at 
a  station  before  the  wave  associated  with  the  incident  shock,  is  referred 
to  as  the  precursor  pressure  wave.  Re-analysis  of  the  photograpny 

and  pressure  records  from  BUSTER  indicated  the  previously  unobserved 
existence  of  such  a  pressure  wave.  Present  theory  indicates  that  the 
formation  of  the  precursor  is  due  to  the  refraction  of  the  incident  shock 
wave  by  a  layer  of  heated  air  near  the  ground  surface.  At  a  certain 
ground  range,  the  incident  wave  is  refracted  so  that  the  wave  travels 
parallel  to  the  ground.  If  the  temperature  of  the  heated  layer  is  suf¬ 
ficiently  high  with  respect  to  the  ambient  air  above  it,  the  velocity 
of  this  refracted  shock  wave  is  increased  so  that  it  reaches  subsequent 
ground  radii  sooner  than  the  incident  shcck  wave.  The  refracted  wave, 
as  it  propagates  througii  the  heated  air  layer,  also  sends  another  shock 
wave  into  the  ambient  air.X/ 

This  phenomenon  can  better  be  explained  by  reference  to  Fig. 1.3, 
which  is  a  schematic  diagram  of  the  sequence  of  events  leading  to  pre¬ 
cursor  formation  in  the  acoustic  wave  case.  Tne  boundary  represents 
the  separation  of  two  media  possessing  very  different  sonic  velocities. 
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In  this  case,  the  velocity  C2  in  the  lower  nedium  is  larger  than  veloc- 
ity  When  the  incident  wave  of  the  figure  is  at  the  reflected 

wave  is  at  ,  and  the  transmitted  wave  is  at  However,  it  will  he 
noted  that  the  wave  at  is  not  hemispherical,  since  its  velocity  in 
the  lower  medium  is  greater*  For  this  acoustic  case,  the  directions 
of  wave  fronts  and  at  the  boundary  cure  derived  from  Snell's  Law, 


Sin  a  2  C2 


Fig.  1.3  Schematic  Diagram  of  Precursor  Formation  (Acoustic  Case) 


Therefore,  when  angle  Qo  increases  to  90  degrees  (at  point  0  of  Fig. 

1.3). 

Cl 

Sin  ag  =  —  ,  (1.3) 

C2 


the  transmitted  wave,  T2,  travels  in  such  a  direction  that  its  front 
is  normal  to  the  boundary  and  continues  to  propagate  in  this  direction. 
When  the  incident  wave  has  reached  I3,  the  transmitted  wave,  T2,  will 
have  arrived  at  T3.  However,  since  there  can  be  no  shock  wave  discon¬ 
tinuity  at  the  boundary,  this  transmitted  wave  sends  into  the  upper 
medium  a  new  wave,  P,  the  precursor.  This  same  condjtion  prevails  at 
all  greater  distances  from  the  detonation  until  the  incident  and  trans¬ 
mitted  waves  decay  to  zero.  The  critical  angle,  at  which  the  pre¬ 

cursor  forms  is  defined  by  Equation  1.3;  moreover^  the  angle  of  inter¬ 
section  of  the  precursor  wave  with  the  boundary  between  the  two  media 
is  also  Qq, 

It  is  unlikely  that  anything  approaching  a  sharp  demarcation  be¬ 
tween  the  heated  and  unheated  media  actually  exists  in  practice. 
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fioveyer,  it  Is  possible  that  the  tei^rature  gradient  will  be  qulto 
steep  and  the  reflecting  surface  of  the  ground  say  add  reflected  adia¬ 
batic  waves.  It  Is  aliiost  certain  that  the  popcomlng  effect  referred 
to  previously  will  also  Influence  the  development  of  the  thermal  layer. 
The  contribution  of  popcoming  Is  probeO^ly  closely  related  to  the  soil 
and  general  terrain  characteristics  near  the  surface  of  the  groimd.  It 
Is  well  known  that  the  soil  conditions  at  the  Nevada  Proving  Ground  are 
particularly  conducive  to  the  creation  of  a  thermal  layer. 


Fig.  1.4  Schematic  Diagram  of  Themed  Intensity  Wave  Shape 


Figure  1.4  is  a  schematic  diagram  of  the  manner  in  which  the  In¬ 
tensity  (energy  per  unit  area  per  unit  time)  of  thermal  radiation  from 
a  nuclear  burst  varies  with  time.  The  shape  of  this  curve  Is  a  func¬ 
tion  of  charge  size  only;  however,  for  a  particular  charge  weight,  the 
maximum  Intensity,  will  decrease  with  Increasing  slant  range.  Lab¬ 
oratory  irradiation  of  Ic^rada  soil  has  shown  that  a  minimum  Incident 
Intensity  (cal/cm?/sec)  will  produce  popcoming.^/  However,  It  should 
be  mentioned  that  these  Irradiation  experiments  employed  a  square-wave 
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thermal  intensity  pulse  of  comparatively  long  duration  (about  0,5  secs). 
For  nominal  nuclear  weapons,  the  thermal  intensity  rises  to  a  peak  (l^) 
in  0.1  to  0.2  sec  and  then  decays  rapidly  as  shown  in  Fig.  1.4.  These 
facts  suggest  that  the  laboratory  experiment s§/only  established  that 
there  exists  a  minj.mum  energy  density,  Ep^  (cals/cn^),  for  the  popcorn- 
ing  phenomenon.  This  threshold  energy  density  (time  integral  of  inten¬ 
sity)  is  denoted  schematically  by  the  crosshatched  area  of  Fig.  1.4. 

The  popcoming  probably  continues  for  some  finite  time,  ending  when  the 
dust  layer  produced  by  the  effect  no  longer  allows  appreciable  thermal 
energy  to  reach  the  groimd  surface. 

Considering  the  diffusivit  jf  a  medium  as  the  measure  of  the 
rate  of  rise  of  temperature  at  one  point  due  to  thermal  input  at  another 
point,  it  is  possible  to  assign  a  thermal  time  constant  to  earth.  In 
Fig.  1.4,  the  time,  t^;  for  the  thermal  intensity  to  rise  to  its  maoci- 
mum  value,  Ij^,  is  in  most  cases  much  shorter  than  this  thermal  time  con¬ 
stant  of  the  earth.  Thus,  this  energy  will  be  absorbed  effectively  in 
only  a  thin  surface  sheet  of  eaith,  little  being  transmitted  to  larger 
depths.  However,  after  the  initial,  radiation  and  popcorning,  a  dense 
air-dust  layer  is  presented  to  all  subsequent  thermal  energy  coming 
from  the  detonation.  This  layer,  unlike  the  earth  medium,  has  a  short 
thermal  time  constant,  which  means  that  radiation  heats  the  dust  layer 
fairly  uniformly  rather  than,  a  large  part  being  absorbed  by  the  topmost 
portions. 

The  shaded  area  under  the  curve  of  Fig.  1.4  is  that  portion  of 
the  radiation  which  is  most  effective  in  creating  the  temperature  layer. 
The  time,  tf,  denotes  the  end  of  the  development  of  this  gradient;  after 
time  t^,  the  radiation  is  sufficient  to  ma-*ntain  the  gradient  for  only 
a  very  shoirt  time,  after  which  the  temperatuiv  gradient  will  decay  rap¬ 
idly  to  some  equilibrium  condition. 

At  some  time,  tg,  the  free  air  incident  shock  wave  will  arrive 
at  th'*  thermal  layer.  This  time  will  depend  upon  the  shock  strength  of 
the  wave  and  the  slant  remge.  When  considering  the  development  of  the 
thermal  layer  and  subsequent  precursor  formation,  the  arrival  time  of 
the  incident  shock  wave  with  respect  to  the  thermal,  pulse  bec<jmes  quite 
significant.  It  is  evident,  from  the  foregoing  discussion,  that  no  pre¬ 
cursor  is  observed  if  the  incident  shock  wave  arrives  "too  soon"  (no 
effective  thermal  layer  exists)  or  "too  late"  (the  layer  has  dissipated). 

Using  the  experimenteil  data  available  on  precursor  waves  from 
nucle-jr  detonations,  Shelton2/has  constructed  a  comprehensive  picture 
of  the  criteria  for  precursor  formation.  The  results  of  his  analysis 
are  pi-esented  in  Fig.  1.5;  where  the  region  of  precursor  formation  is 
shown  on  a  height  of  burst  chart.  The  shaded  area  surrounding  the  com¬ 
puted  curve  represents  the  estimated  uncertainty  in  the  analysis. 

The  points  corresponding  to  previous  nuclear  tests  are  also  plot¬ 
ted  in  this  figure.  It  is  evident  that  the  analysis  presents  a  consis¬ 
tent  picture  of  past  performance;  that  is,  precursors  were  observed  on 
all  shots  whose  data  points  fetll  in  the  precursor  region  of  the  figure, 
whereas,  for  the  shots  whose  points  fall  in  the  "no  precursor"  region, 
no  definite  precursor  pressure  wave  was  observed.  There  are  three 
points  in  the  shaded  "uncertain"  area,  corresponding  to  the  Nagasaki, 
GREENHOUSE  Easy,  and  UPSHOT- KNOTHOLE  Shot  1  detonations.  There  are 
no  definitive  data  on  the  Nagasakj.  burst;  however,  the  GREENHOUSE  Easy 


23 

SECRET- RESTRICTED  DATA 


NO  PRECURSOR 


Fig.  1.5  Precursor  Formation  as  a  Fimction  of  Height  of  Bxrrst  and  Yield  of  Weapon 


data  and  that  from  Shot  1  of  UPSHOT-KNOTHOLS  Indicate  the  presence  of 
precursor  pressure  vave  at  some  of  the  gage  stations. 

Shelton  bases  his  construction  of  Fig.  1.^  upon  the  consideration 
of  three  main  variables:  (l)  the  fraction  of  the  radiochemical  yield 
emitted  as  thermal  radiation;  (2)  the  time  during  which  the  weapon  radi¬ 
ates  prior  to  shock  arrival;  (3)  the  fraction  ol  the  total  thermal  ener¬ 
gy  emitted  during  this  time.  Thus,  one  arrives  at  a  quantitative  result 
based  upon  an  analysis  similar  to  that  described  schematically  In  Fig. 
l.k. 

This  discussion  of  precursor  formation  has  considered  soils  In 
which  a  dust  layer  Is  created  very  early  In  the  thermal  pulse.  It  Is 
possible,  although  not  confirmed  by  experiment,  that  a  thermal  layer 
may  result  when  a  large  aisplltade  radiation  pulse  Is  Incident  upon  a 
dust-free,  opaque  boundary.  In  this  case,  there  would  be  need  to  ew:- 
co\int  for  the  thermal  layer  on  the  basis  of  complex  convection  and  con¬ 
duction  of  heat  from  the  surface  to  the  air  layer.  Such  an  analysis  Is 
outside  the  scope  of  this  report. 

1.3«3  Earth  Acceleration  and  Particle  Velocity 

The  most  Important  theoretical  considerations  concerning  earth 
acceleration  ^d  particle  velocity  aire  Included  In  the  TUMBIER  Project 
1.7  report. i2/  It  is  necessary  here  only  to  review  briefly  the  conclu¬ 
sions  contained  In  that  report  to  establish  a  basis  for  analysis  of  re¬ 
sults. 

The  wmimer  In  which  the  adr  blast  excites  the  earth  may  be  ex¬ 
plained  with  reference  to  the  vave  front  pictured  In  Fig.  1.6  and  the 
time  of  arrived  diagram  of  Fig.  1.7.  As  the  Incident  air  blast  sweeps 
along.  Its  app^irent  horizontal  velocity,  c',  along  the  earth  surface 
Is  given  by 


c'  =  u/sic  e  ,  (1.4) 

where  U  Is  the  shock  velocity  and  0  Is  the  angle  of  incidence.  However, 
the  Impulse  given  the  earth  will  eventually  outrun  this  apparent  veloc- 
ity,  0*.  This  may  result  from  a  near-surface  seismic  velocity  that  Is 
greater  than  c ' ,  or  from  earth  transmission  along  a  curved  path  which 
dips  Into  the  higher  velocity  lower  earth  strata.  In  the  two  diagrams 
this  out-running  Is  shown  to  occur  at  ground  range  R2.  Beyond  R2,  the 
first  Information  received  by  a  near-surface  accelerometer  will  be  that 
from  the  earth  vave  inmnlng  ahead. 

Consider  what  happens  in  an  amplitude  sense  at  ground  range  Ro, 
beyond  R2  (see  Fig.  1.6).  Information  received  at  some  time  Intemeu- 
ate  between  earth  and  air  arrivals  will  have  suffered  attenuation  In 
both  earth  and  air  paths.  Because  of  the  much  smaller  attenuation  In 
the  air  path,  the  largest  amplitudes  will  occur  when  the  earth  path  Is 
a  minimum.  This  corresponds  to  the  air  blast  passing  over  the  gages. 
Hence,  It  may  be  expected  that  for  gages  beyond  the  outrunning  limit  R2> 
the  :  '^^lope  of  the  measured  vave  train  should  tend  to  Increase  and 
reach  ^  vhen  the  air  blast  passes  over  the  gage.  This  direct 

loca'  v.fect  of  the  air  blast  is  termed  the  "slap,"  because  of  the  sud¬ 
den  IncresLse  In  earbh  motion  which  Is  observed. 
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When  the  earth  vave  outruns  the  air  blast.  It  sight  be  expected 
that  Infomatlon  would  be  fed  back  Into  the  air  to  fom  a  precursor 
wave.  However,  it  has  been  shown  that  for  TUMBLER  Shot  4  the  "round- 
trip”  pressure  ratio  was  about  l/lkOO.^  Thus  it  is  unlikely  that  any 
significant  fraction  of  the  precursor  pressure  is  due  to  this  type  of 
energy  transfer. 


Fig.  1.6  Incident  and  Refracted  Vave  Fronts  for  Air  Burst 


Fig.  1.7  Tlse  of  Arrival  Biagras  for  Infozmtion  Received  by  Surface 
Gage 
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CHAPTER  2 


INSTRUMENTATION 


2*1  GENERAI.  SYSTEM 

The  basic  instrumentation  system  consisted  of  Wiancko  variable- 
reluctance  air  pressure  gages  with  associated  terminal  equipment,  used 
in  conjunction  with  William  Miller  Model  J  recording  oscillographs.  The 
details  of  this  system  have  been  reported  elsewhere. The  follow¬ 
ing  discussion  will  therefore  be  confined  to  information  essential  to 
an  understanding  of  the  data  and  to  an  explanation  of  changes  made  since 
previous  reports. 

The  prime  power  supply  for  all  instruments  during  actual  shots 
was  a  bank  of  storage  batteries.  Suitable  converters  were  used  to  pro¬ 
duce  115  volts  AC  for  such  components  as  required  this  type  of  source. 

An  individual  conveinter  was  used  1  j  each  rectifier  power  supply,  thus 
minimizing  the  probability  of  gross  failure  due  to  converter  failure. 

Instruments  were  powered  at  suitable  times  before  zero  time  by 
Edgerton,  Germeshausen,  and  Grier  (EG&G)  relay  circuits,  with  lock-in 
relays  controlled  by  a  time  delay  circuit  to  continue  operation  for  ap¬ 
proximately  1  minute  after  zero  time,  in  spite  of  the  fact  that  the 
EG&G  relays  drop  out  sooner.  Utmost  attention  was  paid  to  circuitry 
and  procedures  to  insure  maximum  reliability  of  operation. 

2.2  GAGE  MOUNTING 


All  air  pressure  gages  were  mounted  with  their  inlets  at  the 
center  of  a  17  in.  diameter  cast  aluminum  baffle.  If  the  gage  was  to 
De  at  ground  level,  this  baffle  was  cemented  flush  with  the  earth's  sur¬ 
face,  and  was  held  in  place  with  a  buried  anchor.  If  it  was  to  be  above 
the  surface,  the  baffle  was  oriented  so  that  a  vertical  plane  through 
instrument  ground  zero  formed  a  positive  angle  of  5  degrees  with  the 
surface  of  the  baffle.  The  positive  angle  is  defined  as  permitting 
slightly  "face-on"  incidence  for  a  shock  wave  originating  from  instru¬ 
ment  ground  zero.  This  orientation  was  chosen  for  all  pressure  gages 
in  Program  1  as  a  result  01  wind  cumiel  aludica  aaolyzed  by  hr.  u.  u. 
Shreve  of  Sandia  Corporatioa.i^/  These  studies  indicated  that,  as  the 
angle  of  impact  whs  varied  in  both  directions  from  zero,  the  accuracy 
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of  the  pressure  gage  readings  was  relatively  unaffected  by  angles  be¬ 
tween  minus  1  degree  euad  plus  12  degrees.  The  5-degree  orientation  was 
therefore  chosen  in  the  middle  of  this  range  so  that  bombing  errors 
would  have  a  minimum  effect  on  accuracy.  As  a  convention,  all  baffles 
were  oriented  so  that  the  gage  inlet  opening  faced  to  the  right  when 
viewed  by  an  observer  facing  ground  zero,  except  in  the  case  Of  second¬ 
ary  gages  on  Shot  10,  such  as  i6B50A.  In  this  case,  the  gages  were 
mounted  with  opposite  orientation  to  help  define  the  true  pressure  if 
true  ground  zero  did  not  coincide  with  instrument  ground  zero.  These 
gage  baffle  mountings  were  identical  to  those  used  by  several  other  a- 
gencies  in  these  and  previous  tests.  Experience  has  shown  excellent 
correlation  between  the  results  obtained  by  different  agencies  and  be¬ 
tween  different  tests.  Other  techniques  of  measurement  elso  substan¬ 
tiate  the  accuracy  of  the  gage  readings.  Typical  gage  installations 
are  shown  in  Fig.  2.1. 

Each  accelerometer  was  mounted  in  a  canister  to  protect  the  buried 
instrument  (see  Fig.  2.2).  The  canister  was  cemented  into  a  hole  about 
4  in.  in  diameter  and  the  hole  was  refilled  and  tamped  to  present  a 
smooth  surface. 

One  Pitot  tube  q-geige  assembly  was  incorporated  into  the  instru¬ 
mentation  for  Shot  11.  The  mounting  details  for  this  gage  are  included 
in  a  Sandia  report. iz/ 

2.3  GAGE  RESPONSE 


The  response  time  of  the  pressure  gage  recording  system  was  de- 
v.ermined  by  the  characteristics  of  the  recording  galvanometer  used. 

These  galvanometers  had  an  undamped  natural  frequency  of  315-3^  cps 
and  were  damped  to  have  an  overshoot  of  approximately  7*5  per  cent. 

This  corresponds  to  a  nominal  rise  time  (to  90  per  cent  of  final  ampli¬ 
tude  for  a  square  wave)  of  1.3  msec,  or  to  a  totad  rise  time  (to  peak 
deflection)  of  2.1  msec. 

The  undamped  natureil  frequency  of  the  gages  themselves  varied 
from  about  l400  cps  to  about  2000  cps.  Since  the  damping  of  these  gages 
tended  to  be  nonlinear,  each  gage  was  adjusted  prior  to  the  test  to  have 
a  total  rise  time  of  less  than  1  msec.  The  resul taint  overshoot  and 
ringing  were  at  a  frequency  above  that  to  which  the  gadvanometer  and 
other  parts  of  the  system  would  respond,  so  that  they  do  not  appear  on 
the  finad  record.  This  procedure  avoided  the  possibility  that  nonlinear 
damping  effects  could  increase  the  rise  time  in  the  latter  portions  of 
the  rise  --an  effect  noted  in  some  previous  tests. 

2.4  CALIBRATION 


Each  pressure  gage  was  cadibrated  in  the  field  by  the  applica¬ 
tion  of  several  values  of  static  pressure,  aifter  the  gage  had  been  in- 
stadled  in  its  finad  location  and  connected  to  its  associated  equipment 
for  the  shot.  After  each  shot,  a  post-shot  cadibration  was  performed 
to  check  the  stability  of  the  system. 

In  the  cadibration  procedure,  severed  pressures  ranging  from 
zero  to  well  above  the  expected  peaiks  were  applied  to  each  gage  in 
sequence.  For  each  pressure,  the  galvanometer  deflection  was  recorded. 
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Using  these  data^  a  calibration  curve  shoving  deflection  vs  pressure 
was  constructed*  In  addition,  the  deflection  caused  by  an  artificial 
signal  injected  into  the  gage  circuit  vas  recorded*  This  Infomatlon 
provided  a  check  on  any  changes  of  sensitivity  of  the  recording  systea 
between  calibration  and  the  final  test;  since  an  identical  signal  vas 
automatically  injected  on  the  final  record  about  10  sec  before  zero 
time* 

Each  accelerometer  vas  calibrated  in  the  'ield  under  operating 
conditions,  before  being  planted,  while  it  vas  connected  to  the  cable 
and  channel  to  be  used*  Tvo  methods  of  ccdlbratlon  were  used*  When¬ 
ever  the  expected  peak  vas  low,  the  accelerometer,  mounted  in  its  canis¬ 
ter,  vas  turned  in  the  earth  *s  field,  thus  applying  a  known  accelera¬ 
tion  to  the  element.  The  corresponding  deflection  vas  noted*  A  syn¬ 
thetic  "calibration"  slgrol  vas  also  applied,  as  described  above  for 
the  pressure  gages.  The  linearity  of  these  accelerometers  had  been 
established  to  be  excellent  in  these  ranges,  and  this  calibration  pro¬ 
cedure  vas  used  where  expected  peaks  were  under  4  G. 

When  higher  peaks  were  ejqpected,  the  accelerometer  vas  mounted 
on  a  spin  table  of  known  radius,  driven  at  a  speed  measured  with  a 
stroboscope  (accuracy  better  than  0*3  per  cent)  and  the  normal  calibra¬ 
tion  procedure  vas  followed*  Accelerations  up  to  100  G  were  possible 
with  this  arrangement* 

2*5  HtPUCTIOW  SIGKAL  PROTECTIOH 

On  some  tests,  particularly  on  TUMBLER  Shot  4,  considerable  in¬ 
terference  with  the  performance  of  the  system  vas  experienced  from  the 
so-called  "induction  signal*"  This  electromagnetic  disturbance  is  coin¬ 
cident  with  the  explosion  of  the  bomb  and  is  picked  up  by  the  gage  cable 
and/or  the  gages  themselves*  Normally  this  signal  is  of  such  an  ampli¬ 
tude  as  to  cause  only  a  short  disturbance  at  zero  time  on  each  recording 
channel,  with  recovery  occurring  in  less  than  5  msec.  However,  when  a 
large  nuclear  device  is  detonated  at  a  relatively  low  altitude  and  when 
gage  cables  of  considerable  length  run  to  a  point  relatively  near  ground 
zero,  the  magnitude  of  this  induction  signal  is  sufficient  to  damage  the 
instruments.  In  the  case  of  SRI  instrumentation,  the  major  part  of  the 
damage  experienced  from  this  phenomenon  has  been  restricted  to  unbalance 
of  the  ring  modulators  in  the  Wiancko  coupling  units.  Apparently  the 
currents  Induced  in  the  line  are  of  sufficient  magnitude  to  overload 
the  varistors  comprising  the  ring  modulators*  In  the  Wiancko  system 
these  ring  modulators  are  not  isolated  from  the  line  by  any  circuit 
components  other  than  a  transformer  and  a  condenser.  Neither  of  the 
latter  has  been  known  to  suffer  damage  from  electromagnetic  shock. 

In  pretest  planning,  consideration  vas  given  to  the  introduction 
of  low  pass  filters  into  each  line  for  the  elimination  of  these  dis¬ 
turbing  signals*  Unfortunately,  little  information  vas  available  as  to 
the  frequency  range  of  the  electromagnetic  disturbance  and  practically 
none  as  to  the  frequency  range  and  magnitude  of  the  disturbing  signal 
picked  up  by  the  gage  channels*  As  a  consequence,  it  vas  decided  that 
it  vas  not  possible  Ho  design  a  filter  which  would  give  reasonable  as¬ 
surance  of  satisfactory  operation.  As  a  possible  alternative,  considera¬ 
tion  vas  given  to  grounding  or  shielding  systems  which  would  prevent  or 
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reduce  the  pickup  of  the  electronagnetic  signal  on  the  c&hles  themselves. 

Examination  of  the  TUMBLER  records  verifies  the  fact  that  the 
disturbing  signal  usually  caused  an  unbalance  In  the  ring  demodulator 
circuit  without  damaging  the  gages  themselves.  In  addition^  the  dis¬ 
turbing  signals  appeared  to  be  of  equivalent  magnitudes  on  channels  con¬ 
nected  to  gages  at  the  top  of  50  ft  towers,  gages  at  surface  level,  and 
gages  (accelerometers)  buried  beneath  the  surface.  In  other  words,  the 
shielding  of  the  earth  apparently  caused  no  reduction  In  induction  sig¬ 
nal  amplitude.  Under  these  conditions  further  shielding  would  be  inef¬ 
fective  and  the  grounding  system  already  used  (all  grounds  at  the  cen¬ 
tral  recording  station)  was  decided  to  be  the  most  effective  possible. 

In  view  of  the  improbability  of  iiq>roveaent  by  other  means,  a 
'*brute  force”  method  of  protection  was  decided  upon  as  providing  the 
best  likelihood  of  success.  The  signal  leeui  of  each  gage  channel  at 
the  point  of  entrance  to  the  recording  shelter  was  grounded  through  a 
separate  contact  on  a  multicontact  relay.  Provisions  were  Incorporated 
for  applying  this  ground  by  actuating  the  relay  at  approximately  minus 
5  sec,  and  releasing  this  ground  by  de -energization  of  the  relay  by  a 
”blue  box,”  thus  restoring  the  circuit  to  normal  at  about  plus  5  nsec. 

In  practice  two  blue  boxes  were  used  in  parallel  to  provide  greater  as¬ 
surance  of  operation.  By  this  means  the  disturbing  signal  wgls  shunted 
to  ground  at  zero  time,  but  the  signal  channel  was  in  normal  condition 
both  for  the  auto -calibration  oi>eratlon  which  occurred  at  minus  15  sec 
and  at  the  time  of  all  gage  signal  arrivals.  This  protection  was  ap¬ 
plied  to  from  12  to  2k  channels  on  Shots  9,  10,  and  11.  Only  such  chan¬ 
nels  as  were  within  2000  or  3000  ft  of  ground  zero  were  so  protected. 

The  results  were  entirely  satisfactory;  the  only  damage  which 
may  have  been  due  to  the  electromagnetic  disturbance  occurred  for  one 
air  pressure  gage  on  Shot  9* 

2.6  TIME  BECOBDTK 


In  order  to  provide  highly  accurate  timing  of  all  events  and  to 
provide  time  correlation  between  separate  recorders,  a  new  auxiliary 
timing  circuit  was  designed  after  11ACBIJER-SIAPFER.  A  Hewlett-Packard 
3OOD  low  frequency  standard  was  used  as  a  primary  source  time  standard; 
100  cps  and  1000  cps  output  from  this  Instrument  were  applied  to  galva¬ 
nometers  on  each  recording  oscillograph.  The  timing  lines  provided  by 
the  local  fork  in  each  recorder  were  retained  as  a  convenient  measure 
of  approximate  time,  but  accurate  time  readings  were  possible  from  the 
master  time  recorder.  The  induction  signal  disturbance  provided  an 
accurate  indication  of  zero  time  on  several  channels  of  each  recorder. 

It  is  estimated  that  the  use  of  this  timing  system  permits  the 
measurement  of  relative  time  of  events  to  plus  or  minus  0.25  msec  and 
the  measurement  of  absolute  time  of  events  with  reference  to  zero  time 
with  an  accuracy  of  plus  or  minus  O.QOl  per  cent  plus  0.25  msec.  This 
relative  time  accuracy  is  particularly  important  in  calculating  trj.ple 
point  trajectory  and  wave  front  shape  by  arrival  times  at  various  gages. 

It  was  considered  desirable  to  provide  means  for  clinical  post¬ 
test  analysis  of  any  major  failure  which  might  occur  in  the  instrumental 
system.  For  this  purpese  a  Foxboro  810  Operational  Time  Recorder  was 
installed  with  the  various  pins  actuated  by  the  major  operational 
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functions  including  the  EG&G  relays,  blue  box,  and  certain  other  criti¬ 
cal  relay  operations  in  the  system.  The  time  recorder  provided  a  record 
of  the  time  of  operation  of  each  of  these  functions.  Since  no  such 
failures  occurred  during  the  UPSHOT- KNOTHOLE  tests,  this  provision  is 
not  of  special  icterest.  Its  operation  was  entirely  satisfactory,  how¬ 
ever,  and  full  records  were  obtained  on  each  shot. 

2.7  ACCSLERCMrTER  INSTRUMENTATION 

The  channels  used  for  vertical  acceleration  measurements  differed 
from  those  used  for  air  blast  in  that  amplification  was  introduced  by 
means  of  Consolidated  Mode],  D-11  eunplifiers  used  in  place  of  the  Wiancko 
station  equipment.  This  permitted  the  use  of  Wiancko  accelerometers 
having  a  higher  undamped  natural  frequency  than  would  otherwise  have 
been  possible.  Wiancko  I50G  accelerometers  were  used  for  this  purpose, 
having  ein  undamped  natural  frequency  of  approximately  4^0  cps,  while 
the  recording  galvanometers  had  an  undamped  natural  frequency  of  ap¬ 
proximately  460  cps.  The  response  time  of  the  acceleration  recording 
system  was  thus  limited  about  equally  by  the  accelerometers  and  the 
recording  galvanometers.  The  results  obtained  on  TUMBLER  indicate  a 
need  for  this  increase  in  the  reinge  of  frequency  response.  Records 
from  1-  and  5-ft  deep  vertical  accelerometers  show  frequencies  which 
approach  the  damped  natural  frequencies  of  the  gage -galvanometer  sys¬ 
tem,  thereby  introducing  errors  in  calibration.  The  range  of  frequency 
response  was  increased  for  UPSHOT-KNOTHOLE  so  that  more  accurate  data 
co\ild  be  obtained.  Special  provisions  were  incorporated  in  the  Consoli¬ 
dated  amplifiers  for  the  automatic  recording  of  the  calibration  signal 
on  each  channel  immediately  prior  to  the  shot. 

Since  the  severed  channels  of  horizontal  acceleration  recording 
were  added  to  the  plan  late  in  the  operation,  they  could  not  be  pro¬ 
vided  with  amplifiers.  Consequently,  standard  Wiancko  channels  were 
used,  employing  3OO  cps  galvanometers  with  Wiancko  30G  accelerometers 
(190  cps  natural  frequency)  or  Wiancko  5G  accelerometers  (85  cps  natu¬ 
ral  frequency). 

2.8  ACCURACY 

Except  for  pressures  far  below  nominal  gEige  rating,  it  is  be¬ 
lieved  that  the  calibration  procedure  assures  that  the  measurements 
were  reliable  to  within  plus  or  minus  ^  per  cent  of  the  actual  pressures. 
Low  pressure  measurements,  particularly  on  Shot  3>  somewhat  less 

accurate . 

Because  the  frequency  response  errors  were  reduced  to  a  minimum 
in  the  case  of  the  gages  measuring  verticeLl  acceleration,  it  is  esti¬ 
mated  that  these  measurements  are  reliable  to  plus  or  minus  5  per  cent. 
For  this  test,  no  vertical  acceleration  records  exhibit  frequencies 
which  are  close  to  the  natural  frequencies  of  the  accelerometer-galva¬ 
nometer  system  (see  Table  5* 11)*  For  the  horizontal  accelerations. 

Table  5. 11  shows  that  in  many  cases  the  recorded  frequencies  aire  close 
to  the  natural  freqitency  of  the  gage -gal variometer  system  so  that  greater 
errors  may  be  introduced. 

In  general,  however,  an  accuracy  cf  plus  or  minus  5  per  cent  is 
considered  valid. 
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CHAPTER  3 


OPERATIONS 


3.1  TEST  DESCRIPTION 


The  five  nuclear  explosions  of  UPSHOT- KNOTHOLE  with  which  this 
report  is  concerned  were  detonated  at  the  Nevada  Proving  Ground  of  the 
Atomic  Energy  Commission  during  the  spring  of  1953*  Table  3*1  presents 
the  pertinent  data  for  the  shots  included  in  Project  1.1b.  With  the 
exception  of  Shot  3>  which  was  a  tower  shot,  all  of  the  nuclear  explo¬ 
sions  were  detonated  using  air-dropped,  air-burst  weapons. 


TABLE  3.1  -  Shot  Descriptions 


Shot  3 

Shot  4 

Shot  11 

Date  (1955) 

31  March 

6  April 

8  May 

25  May 

4  June 

Location  (area) 

T-7-5a 

T-7-3 

FF 

FF 

T-7-3 

Yield  (KT) 

0.20 

11.0 

26 

U.9 

60.8 

Height  of  burst  (ft) 

300 

6020 

2423 

524 

1334 

Ground  zero  relative  to 

SON 

837S 

aiming  point  (ft) 

560F. 

15W 

Atmospheric  pressure  (mb) 

at  ground  zero 

873 

861 

900 

901 

867 

at  burst  height 

863 

686 

825 

884 

824 

Air  Temperature  (°C) 

HI 

at  ground  zero 

4.4 

15.5 

13.3 

at  burst  height 

8.2 

-0.6 

_ 1 

12.2 
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As  originally  planned^  Shot  3  vas  not  to  be  Instrumented  as  a 
part  of  this  project.  Its  effects  were  measured  at  gage  stations  de¬ 
signed  for  Shot  4  on  Yucca  Flat  and  the  gage  layout  was  by  no  means 
optimum  for  the  yield  and  height  of  burst.  The  closest  gage  station 
to  ground  zero  for  Shot  3  vas  at  a  distance  of  nearly  1100  ft.  Shot 
k  was  detonated  at  a  higher  scaled  height  of  burst  than  any  previous 
nuclear  weapons. 

The  Frenchman  Flat  site,  used  for  Shots  9  and  10,  presents  a 
smooth,  dusty,  dry-lake  bed  surface.  Because  the  scaled  height  of 
burst  of  Shot  9  would  be  comparable  to  that  of  IVMBLER  Shot  1,  (also 
detonated  at  Frenchman  Flat),  it  was  hoped  that  more  information  con¬ 
cerning  thermal  effects  on  blast  and  the  validity  of  scaling  laws 
could  be  obtained.  Shot  10,  with  its  relatively  low  scaled  burst  height, 
was  expected  to  produce  effects  similar  to  those  which  were  observed 
on  Shot  4  of  TUMBLER.  Since  TUMBLER  Shot  4  was  detonated  at  the  Yucca 
Flat  site,  it  was  thought  Shot  10  (at  Frenchman  Flat)  might  yield  data 
concerning  effects  of  terrain  upon  thermal  phenomena.  It  was  hoped 
that  the  Shot  10  explosion  would  give  rise  to  precursor  effects  so  that 
these  effects  might  be  studied  in  more  detail. 

Shot  H  was  added  late  in  the  operation  and  was  air-dropped  over 
the  Yucca  Flat  area.  The  terrain  in  this  area  differs  greatly  from 
Frenchman  Flat  in  that  it  is  covered  with  an  extremely  dry  and  powdery 
sand.  The  scaled  height  of  burst  of  Shot  11  was  e^qpected  to  be  closer 
to  that  of  TUMBIER  Shot  4  than  was  Shot  10.  It  was  hoped  that  more 
information  concerning  the  effect  of  terrain  and  height  of  burst  upon 
precursor  formation  and  development  could  be  obtained. 

In  addition,  it  should  be  pointed  out  that  some  limited  compari¬ 
sons  can  be  made  between  the  BUSTER  tests  of  autumn  19^1;  and  those  of 
UPSHOT- KNOTHOLE;  the  BUSTER  shots  were  detonated  at  the  Yucca  Flat  Site. 

3.2  INSTRUMEHTATICW  PLAN 


Table  3*2  summarizes  the  number  of  air  presi 
ration  measurements  made  on  each  shot  of  Project  I.a 
The  e:q>erimental  gages  measured  air  pressure  and  an 
pendix  B  of  this  report. 


and  earth  accele- 
,  UPSHOT-KNOTHOLE, 
lescribed  in  Ap- 


3.2.1  Shots  3  and  4 


The  general  gage  line  layout  in  the  T-7  area  of  Yucca  Flat  for 
Shots  3  and  4  is  shown  in  Fig.  3*1*  The  gage  layout  was  designed  to 
secure  the  informatior.  obtainable  from  Shot  4  with  the  available 

nusiber  (24)  of  gage  channels.  The  height  of  burst  was  so  great  that 
simple  considerations  of  geometry  showed  that  ground  ranges  out  to  at 
least  15 >000  ft  would  be  desirable.  Physical  limitations,  including 
feasible  cable  length  and  interference  with  the  work  of  other  agencies, 
limited  this  range  to  13,000  ft.  Nevertheless,  even  at  this  range,  the 
expected  pressure  was  1  psi,  which  was  below  the  optimum  level  for  maxi¬ 
mum  signal -to -noise  ratio  with  available  instrumentation.  A  study  of 
previous  data  (notably  Fig.  1.2  of  this  report)  and  Mach  stem  theory 
showed  that  it  was  highly  improbable  that  a  Mach  stem  would  form  within 
this  13,000  ft  range.  It  appeared  that  thermal  effects  would  be  so 


35 

SECRET- RESTRICTED  DATA 


TABLE  3.2  -  Instrument  Performance 


Air  Pressure 

Shot 

Gages 

Recording 

Satisfactory 

Channels 

Gage  Records 

3 

24 

32 

24 

4 

24 

32 

24 

9 

51 

71 

49 

10 

52 

72 

45 

11 

24 

32 

24 

Totals 

175 

239 

166 

Acceleration 

Shot 

Gages 

Recording 

Satisfactory 

Channels 

Gage  Records 

3 

None 

4 

None 

9 

U 

U 

14 

10 

13 

13 

10 

11 

None 

— 

— 

Totals 

27 

27 

24 

Experimental  Gages 

Shot 

Gages 

Recording 

Satisfactory 

Channels 

Gage  Records 

3 

None 

4 

None 

— —  — 

9 

6 

6 

4 

10 

6 

6 

4 

11 

None 

— 

— 

Totals 

12 

12 

8 
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Fig.  3.1  Gage  Line  Layout,  Shots  3  4 
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small  as  to  preclude  their  interference  with  the  blast  wave  at  any 
range.  These  facts  limited  interest  to  measurements  of  incident  and 
reflected  air  pressures  at  incident  angles  up  to  a  maximum  of  approxi¬ 
mately  65  degrees  and  at  slant  ranges  out  to  ik^^OO  ft. 

It  was  decided  that  these  functions  could  be  served  by  gages  at 
surface  level  and  at  one  other  height,  chosen  as  1C  ft  for  convenience. 
The  gages  at  the  10  ft  height  were  located  in  a  line  displaced  53  f‘t 
east  of  the  nominal  blast  line.  The  nominal  blast  line  was  the  same  as 
used  for  the  TUMBLER  shots  at  this  site;  it  passed  through  target  ground 
zero.  The  surface  level  gages  were  mounted  approximately  6  ft  west  of 
the  10  ft  gages.  The  more  accurate  dimensions  are  shown  in  Fig.  3.1. 

For  Shot  3,  the  gage  layout  for  Shot  4  was  used  with  no  change 
other  than  the  minimum  necessary  gage  range  changes  and  such  attenuator 
chainges  as  were  necessary.  Since  ground  zero  for  this  shot  was  1095  ft 
west  of  the  instrument  blast  line,  the  minimum  ground  range  was  1100  ft 
and  the  maximum  was  J.2,154  ft. 

3.2.2  Shots  9  and  10 

Tne  gage  layout  for  Snots  9  and  10  in  the  F  area  of  Frenchman 
Flat  is  shown  in  Fig.  3*2.  This  layout  was  designed  to  obtain  the 
maximum  information  from  Shot  9*  A  maximum  ground  range  of  7500  ft  was 
established  to  provide  measurements  at  pressure  levels  above  3  psi 
(another  project  instrumented  the  lower  pressure  region).  Surface  level 
gages  were  locs'ced  at  ground  reinges  between  7500  ft  and  ground  zero,  at 
intervals  chosen  to  obtain  raEixiraum  utilization  of  existing  facilities 
(gage  towers,  etc.).  For  the  measurement  of  incident  pressures,  gages 
at  50  ft  heights  were  included  at  all  stations  out  to  5000  ft  ground 
range.  Predictions  for  Shot  9  indicated  that  the  f4ach  stem  triple  point 
would  pass  the  50  ft  height  before  this  5000  ft  range  was  reached.  For 
the  maximum  detail  in  tracing  Mach  stem  formation,  and  for  documenting 
any  precursor  or  thermal  effects,  gages  at  10  ft  height  were  also  in¬ 
cluded  out  to  5000  ft,  at  30  ft  height  out  to  4000  ft,  and  at  40  ft 
height  at  four  stations  between  3OOO  and  4500  ft.  Gages  at  10  and  35 
ft  heights  at  a  ground  range  of  650O  ft  were  included  to  supplement  the 
data  needed  by  Program  3  (Project  3*19;  forest  stand)  at  that  range. 

Accelerometers,  buried  1  foot  deep  and  mounted  to  measure  the 
vertical  component  of  earth  acceleration  near  the  surface,  were  located 
at  stations  out  to  3500  ft.  In  addition,  horizontal  accelerometers 
were  located  at  a  depth  of  5  ft  at  six  of  these  stations  (see  Fig.  3*2). 
Since  the  latter  were  incorporated  into  the  plan  at  the  last  moment, 
tneir  locations  were  partially  determined  by  available  cables  and  other 
physical  factors. 

For  Shot  10,  all  gages  at  ground  zero  and  the  aboveground  gages 
at  500  ft  ground  reinge  were  eliminated,  in  view  of  the  experience  on 
TUMBLER  Shot  4,  where  close-in  gages  and  gage  towers  were  destroyed. 
Secondary  e:ages,  located  at  10  and  50  ft  heights  at  the  next  two  sta¬ 
tions,  were  mounted  with  baffles  facing  opposite  to  tne  primary  gage 
baffles  to  aid  in  the  interpretation  of  the  results  in  case  of  a  serious 
difference  between  instrument  ground  zero  and  true  ground  zero.  It  was 
recognized  that  a  real  possibility  remained  that  tx*e  aboveground  gages 
at  the  first  station  (iOX  ft  ground  range)  would  be  destroyed,  but  the 
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desirability  of  obtaining  close-in  data  outweighed  this  hazard. 

On  this  shot,  in  order  to  obtain  soae  data  as  to  the  syaaetry  of 
the  blast  wave  and  in  order  to  offer  aore  detailed  Inforaation  to  Pro¬ 
jects  3*7  and  3.8,  four  zero-level  blast  gages  were  installed  in  the 
vicinity  of  these  project  structures  at  a  ground  range  of  about  9OO  ft. 
In  addition,  soae  auxiliary  experlaental  gages  eoploying  aagnetic  re¬ 
cording  techniques  were  installed  for  both  Shots  9  and  10.  The  loca¬ 
tions  of  these  special  gages  are  shown  in  Fig.  3.3* 

3.2.3  Shot  11 


The  gage  layout  in  the  T-7  area  of  Yucca  Flat  for  Shot  11  is 
shown  in  Fig.  3*^*  Shot  11  was  added  very  late  in  the  operation  and  the 
blast  line  used  for  this  shot  was  that  available  from  Shot  4,  with  minor 
modifications.  In  view  of  the  extreme  over-damage  results  obtained  in 
the  precursor  region  of  Shot  10  and  because  incomplete  dynamic  pressure 
measurements  were  obtained  in  this  region  on  Shot  10,  a  Pitot  tube  (q- 
gage)  was  added  at  Station  7-204  for  Shot  11.  To  accomplish  this,  it 
was  necessary  to  eliminate  the  two  conventional  air  pressure  gages  at 
this  station;  however,  one  channel  of  the  q-gage  gives  a  record  of  the 
side-on  pressure  and  this,  coupled  with  the  mechanical  gages  of  Project 
3.30  at  this  station,  could  be  depended  upon  to  give  sufficient  air  pres¬ 
sure  information  at  this  station.  The  q-gage  for  this  installation  was 
borrowed  from  the  Sandia  Corporation.  The  location  of  Station  7-204 
(3000  ft  from  originally  planned  ground  zero)  was  chosen  as  representa¬ 
tive  of  the  critical  over-damage  region  for  the  precursor  wave  assumed 
to  be  generated  by  Shot  11.  The  q-gage  was  mounted  at  a  height  of  3  ^ 
above  the  ground  surface  and  oriented  to  point  toward  the  e3q>ected  ground 
zero.  It  should  be  noted  that  before  the  detonation  of  this  shot,  ground 
zero  was  changed  as  indicated  in  Fig.  3*4;  this  change,  coupled  with  the 
boobing  error,  Increased  the  ground  range  of  Station  7-204  to  3443  ft. 

3.2.4  Gage  Coding 

For  identification  of  channels  and  recorded  traces  with  their 
proper  gages,  a  systematic  coding  was  adopted.  Station  nuobers  were 
assigned  by  the  Test  Director  for  each  gage  station.  Typical  nuobers 
were  F-204  and  7-286;  F  designated  the  Frenchman  Flat  site  and  7  the 
T-7  area  of  Yucca  Flat.  For  convenience,  only  the  last  pertinent  numbers 
(4  and  86  respectively)  of  these  station  numbers  were  used  as  the  firs't 
part  of  the  gage  code.  The  second  pairt  of  the  gage  code  was  a  letter 
indicating  the  nature  of  the  measurement.  In  this  project,  for  ad.r 
blast,  "V"  for  vertical  acceleration,  and  "H”  for  horizontal  acceleration 
were  used.  The  third  peurt  of  the  co^  indicated  the  height  of  a  gage 
above  the  surface  or  its  depth  below  the  surface,  in  feet.  Typical  gage 
code  numbers  then  would  be: 

4B,  a  blast  gage  at  Station  204,  zero  level; 

86b10,  a  blast  gage  at  Station  286,  10  ft  height; 

OVl,  an  accelerometer  measuring  vertical  acceleration  at 
Station  200,  1  ft  depth. 
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On  Shot  10,  secondary  dual  gages  were  installed  at  some  stations^  these 
received  the  suffix  "A,"  for  example,  16B5OA. 


N-* -  ft  INSTRUMENT  GROUND  ZERO 

1  SHOT  10 


^I6BA 

•  ^  805.7‘W,  392.2’ S 

I6BB 

859.2'W,252.9'S 


AREA  F 
BLAST  LINE 


Fig.  3.3  Additional  Gages  (i6BA,  BB,  BC,  BD,  Shot  lO) 
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EGZ 
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CHAPTER  k 


RESULTS 


k.l  INSTRUMENT  PERFORMANCE 


During  the  five  shots ,  175  air  blast  geige  channels  were  connected 
which  gave  a  total  of  239  gage  records.  On  64  chaimels  the  electrical 
output  was  fed  to  two  recording  galvanometers  in  different  oscillograph 
ceuneras,  for  the  purpose  of  making  partial  compensation  in  case  of  re¬ 
corder  failure.  Table  3*2,  in  addition  to  presenting  a  summary  of  the 
distribution  of  gages,  lists  the  number  of  satisfactory  gage  records 
obtained  on  each  shot.  For  Shots  3;  and  11,  satisfactory  records 
were  obtained  from  all  channels  connected.  On  Shot  9,  two  of  the  air 
pressure  gage  channels  failed  to  produce  records,  one  because  of  a  late 
cable  failure  and  the  other  because  of  gage  damage,  possibly  from  the 
induction  signal.  On  Shot  10  one  of  the  four  recording  oscillograph 
cameras  failed  during  the  data  recording  period,  breaking  its  paper  at 
approximately  H-2  sec.  This  resulted  in  the  loss  of  records  from  11 
gage  channels,  3  of  which  were  acceleration  measurements  and  8  of  which 
were  air  pressure  measurements.  Of  the  latter,  however,  one  was  a 
secondary  gage  mounted  in  a  baffle  adjacent  to  the  primary  gage  for 
backup  purposes.  The  resultaint  net  loss  consisted  of  records  from  7 
air  pressure  gages  and  3  accelerometers.  In  addition,  gage  towers  were 
destroyed  at  Stations  F2l6,  F217,  and  F2C)0  on  Shot  10,  breaking  their 
gage  cables  at  times  varying  from  60  to  400  msec  alter  the  arrival  of 
the  shock  wave.  On  some  of  these  records  all  pertinent  date  had  been 
recorded  before  the  cable  breaks  occurred.  Of  the  six  auxiliary  experi¬ 
mental  gages  on  Shots  9  and  10,  four  gave  usable  records  on  each  shot 
(Appendix  B). 

Because  the  yield  from  Shot  3  was  considerably  less  than  the  esti¬ 
mates  from  which  preshot  predictions  were  made,  the  deflections  on  the 
records  from  this  shot  were  in  general  quite  low.  This  low  yield  de¬ 
tracted  appreciably  from  the  accuracy  of  the  measurements  but,  with  a 
few  exceptions,  quite  satisfactory  results  were  obtained.  An  outstand¬ 
ing  deviation  from  the  experimental  plena  was  experienced  in  the  location 
of  ground  zero  for  Sl^ot  9.  The  true  ground  zero  turned  out  to  be  over 
800  ft  south  of  the  blast  line  (see  Fig.  3-2),  which  ran  east -west;  this 
bombing  error  resulted  in  increasing  the  minimum  ground  reuage  at  which 
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measurements  were  taken  and,  more  seriously,  gave  rise  to  a  "true" 
blast  line  which  differed  significantly  from  the  instrument  blast  line. 
This  latter  effect  resulted  in  orientation  angles  at  the  aboveground 
gage  baffles  of  from  20  to  12  degrees,  instead  of  the  desired  5  degrees 
(plus  or  minus  5  degrees)  orientation.  For  completeness  it  should  be 
noted  that  on  Shot  11,  although  one  gage  cable  broke  at  approximately 
200  msec  after  blast  arrival,  the  record  from  this  10  ft  high  gage  was 
sufficiently  long  so  that  most  of  the  pertinent  data  were  obtained.  The 
records  from  the  Pitot  tube  q-gage  on  this  shot  were  excellent. 

4.2  PRESENTATION  AND  REDUCTION  OF  DATA 


The  primary  data  are  the  gage  records.  Reductions  (about  5  to  l) 
of  tracings  of  all  usable  records  form  Appendix  A  of  this  report.  The 
portion  shown  includes  all  features  displaying  significant  depeirtures 
from  normal  behavior.  If  the  whole  positive  phase  had  been  portrayed, 
the  necessary  reduction  would  have  resulted  in  excessive  loss  of  reso¬ 
lution  of  phenomena  occurring  at  the  outset  of  the  blast.  Samples  of 
these  tracings  are  reproduced  in  tnis  chapter  to  illustrate  the  variety 
of  wave  forms  obtained.  In  addition,  idealizations  of  the  various  types 
of  wave  forms  are  used  to  indicate  which  quantities  have  been  tabulated. 

In  most  air  shock  waves  it  is  possible  to  observe  certain  features 
for  which  the  time-space  history  may  be  traced  more  or  less  continuously 
over  the  entire  air  blast  phenomena.  These  comprise  various  times  and 
pressures  as,  for  example,  duration  of  the  positive  phase  and  peak  pres¬ 
sure.  These  as -read  values  appear  in  the  tables  of  this  chapter.  In 
order  to  compare  the  phenomena  on  a  common  basis,  most  of  these  as -read 
data  have  been  normalized  to  1  KT  radiochemical  yield  at  sea  level  eind 
tabulated  along  with  the  as-read  data.  The  term  "A-scaled"  has  been 
adopted  as  shorthand  for  "reduced  to  a  radiochemical  yield  of  1  KT  with 
the  gage  at  sea  level  conditions."  The  A-scaling  factors  applicable  to 
tnese  tests  are  given  in  Chapter  5  (Table  5»l)« 

4.2.1  Effective  Ground  Zero 


The  first  efforts  to  plot  a  time-distance  curve  of  first  arrivals 
against  slant  range  for  Shot  4  resulted  in  curves  which  were  slightly 
anomalous.  This  difficulty  was  resolved  when  it  was  recognized  that  the 
blast  line  is  not  level  in  the  T-7  area  of  Yucca  Flat,  where  this  shot 
was  detonated.  The  slope  of  the  terrain  is  such  that  the  most  remote 
gage  was  some  120  ft  lower  than  ground  zero.  For  purposes  of  calculat¬ 
ing  true  ranges  it  was  found  convenient  to  determine  the  location  of  a 
point  designated  on  Figs,  j.l  and  3-4  as  EGZ  (effective  ground  zero). 
This  point  represents  an  intercept  of  a  perpendicular'  drawn  from  the 
point  of  burst  to  the  average  terrain  as  shown  in  Fig.  4.1.  Because 
complete  survey  data  were  not  available,  the  data  for  computing  this 
point  were  obtained  from  the  AMS  Series  V  7:^^  topographical  maps.  A 
schematic  drawing  of  the  pertinent  section  of  the  map  used  is  snown  in 
the  figure,  where  the  line  "A"  describes  the  average  terrain  most  ac¬ 
curately.  It  should  be  clearly  understood  tnat  this  change  in  the  point 
used  as  ground  zero  does  not  indicate  that  the  data  furnished  as  to  the 
location  of  ground  zero  are  incorrect,  but  only  that  a  modification  is 
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AVERAGE  OF  THESE 
SLOPES  IS  TAKEN  AS 
SLOPE  OF  LINE  "a” 


Fig.  4,1  Eil’ective  Ground  Zero  Diagram 
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necessary  owing  to  the  terrain  slope.  All  calculations  of  ground  range 
and  slant  range  for  Shot  h  are  based  on  this  effective  ground  zero.  A 
similar  effective  ground  zero  was  used  in  the  case  of  Shot  11;  ho^^ever, 
since  the  height  of  burst  was  much  lower  than  that  of  Shot  h,  the  cor¬ 
rection  was  small. 

4.2.2  Quantities  Measured 


Figures  4.2  and  4.3  illustrate  some  typical  wave  forms  of  pressure 
vs  time  labeled  with  the  quantities  that  are  read  and  recorded  in  tabu¬ 
lar  form  in  this  chapter.  In  Fig.  4,2,  examples  of  a  sharp  and  rounded 
peaked  pressure  record  are  shown  on  the  same  sketch;  in  each  care,  a 
measure  of  the  positive  impulse  (l  + )  is  the  total  shaded  area  defined 
by  the  pressure  vs  time  positive  pulse.  Figure  4.4  shows  an  earth  ac¬ 
celeration  vs  time  record  with  the  appropriate  labels.  This  figure  also 
illustrates  tne  in  .cjration  of  the  acceleration  record  to  obtain  maximum 
particle  velocity  associated  with  the  air  blast  slap.  For  the  purposes 
of  this  report  only  the  maximum  vertical  and  horizontal  particle  veloc¬ 
ity  associated  with  the  air  blast  slap  are  recorded  in  tabular  form. 

4.3  WAVE  FORMS 

Figures  4.5  through  4.13  show  some  of  the  typicsd  air  blast  wave 
forms  obtained  on  Project  1.1b. 

4.3.1  Shot  3 

The  records  from  Shot  3  (see  Fig.  4.5)  were  typical  of  those  to 
be  expected  in  the  Mach  region.  The  only  unusual  characteristic  noted 
was  the  building  up  of  a  secondary  shock  beginning  at  a  ground  range  of 
about  3000  ft.  This  effect  was  perceptible  at  shorter  radii  as  a  rounded 
pulse  with  a  slow  rise  time.  At  greater  distsuices  this  shock  persisted 
at  essentially  constant  pressure. 

4.3.2  Shot  4 


The  records  from  Shot  4  (see  Fig.  4.6)  were  normal  in  every 
respect.  Ail  aboveground  gages  showed  separate  arrivals  of  incident 
and  reflected  pressures,  indicating  essentially  regular  reflection,  with 
no  evidence  of  a  Mach  stem.  No  secondary  shocks  were  noted. 

4.3.3  Shot  9 


In  general,  the  records  from  Shot  9  were  normal,  although  a  few 
peculiarities  should  be  mentioned.  In  Fig.  4.7  it  will  be  observed  that 
the  records  of  Gages  14b  and  OB  (the  surface  level  gages  at  ground  ranges 
of  820  and  21 48  ft)  show  rise  times  of  3  to  4  msec,  which  are  signifi¬ 
cantly  longer  than  those  recorded  by  other  gages  at  similar  ground  ranges. 
Minor  disturbances  are  notab.le  immediately  after  the  shock  arrival  on 
several  gages. 

Figure  4.8  shows  typical  aboveground  gage  records  in  the  regular 
reflection  region.  The  distiirbances  observed  on  the  surface  level  gages 
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Pq  =  Shock  pressure 

Pjj  =  Maociiaum  pressure  (Pg  =  P^^  for  sharp-peaked  shock  record) 

Pi  =  Incident  pressure 

^i2  -  Final  incident  pressure 

Pj.  =  Reflected  pressure 

Pn  =  Maximum  negative  pressure 

P^  =  Pressure  of  secondary  shock  (blip) 

tg  =  Arrival  time  of  shock  wave 

tjQ  =  Time  of  maximum  pressure 

=  Arrival  time  of  incident  wave 

t  =  Arrival  time  of  reflected  wave 

r 

tx  =  Crossover  time 

t^  =  Second  crossover  time 

t^  =  Time  of  maximum  negative  pressure 

t^  =  Arrival  time  of  secondary  shock  (blip) 

Atg  =  Rise  time  to  shock  pressure 

Atj^  =  Rise  time  to  incident  pressure 

Atj.  =  Rise  time  to  reflected  pressure 

Atj^j.  =  Duration  of  incident  pressure 

At^  =  Duration  of  positive  phase 

At.  =  Duration  of  negative  phase 

=  Positive  phase  impulse 
=  Negative  phase  impulse 

Labeled  Quantities  of  Fig.  4.2 
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Fig.  4.2  Slnplifled  Air  Pressure  Records,  Surface  Level  and  Aboveground 

(See  Pacing  Page  for  Labels) 
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=  Initial  precursor  pressure 

^pm  ■  Maximua  precursor  pressure 

Pp2  =  Fir^?j.  precursor  pressure 

Pm  =  Maximum  pressure 

tp  =  Arrival  time  of  precursor 

tpjjj  =  Time  of  maximum  precursor  pressure 

tg  =  Arrival  time  of  main  wave 

tj^  =  Time  of  maximum  pressure 

Atp  =  Rise  time  to  initial  precursor  pressirre 

At„_  =  Duration  of  precursor 

ps 

Atgjjj  =  Rise  time  to  maximum  pressure 

Ip  =  Precursor  impulse 

Note:  Positive  impulse  includes  precursor  impulse;  positive 
phasd  duration  includes  precursor  duration. 

Fig.  4.3  Simplified  Air  Pressure  Record,  Precursor  Region 
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=  First  maximum  acceleration 
=  Second  maocimum  acceleration 

=  Maximum  acceleration  (read  onjy  if  greater  than  or  A2) 
=  Acceleration  of  secondary  shock  (blip) 

=  Arrival  time  of  earth-trainsmitted  wave 
=  Arrival  time  of  air  blast  slap 
=  Time  of  first  maximum  acceleration 
=  Crossover  time 

=  Time  of  second  maiximura  acceleration 

=  Time  of  maximum  acceleration  (read  only  if  A^^  is  read) 

=  Arrival  time  of  secondary  shock  (blip) 

=  Maxiraim  slap  velocity 


Fig.  4.4  Simplified  Eartn  Acceleration  Record 
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0  +  2.5755  SEC  0.05  0  +  3.340  SEC 


0  +  7.3915  SEC  0.05  0  +  8.2695  SEC 


GR  =  I2I54  FT 
SR  =12150  FT 


6+  11.4405  SEC 

SECONDARY  SHOCK 


Pig.  4.5  Represfntative  Air  PrcBSure  Gage  Records,  Shot  3 

(Original  Size) 
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MAIN  SHOCK 


0.1 


EGR  =  2292  FT 
SR  =  6442  FT 


-I — T - h 


CROSS-OVER  AT  5.402  SEC 


Fig.  4.6  Representative  Air  Pressure  Gage  Records,  Shot  4 

(Original  Size) 
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U-\  EViuENCC  OF  GAGE  OVERLOAD 

100 

\ 

PSI 

50 

I5B  0 

1 

6R-430' 

SR » 678 

0.1 

0.2 

0.3 

0  4-  00915  SEC 


0  +  01315  SEC 
75  f 


0  +  0  1915  SEC 


Fig.  U.9  Air  Pressure  Gage  Records,  Shot  10,  Stations  215  and  2l6 
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fig,  4.11  Air  Pressure  Gage  Records,  Siot  10,  Stations  200  and  202 
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PSI 


808 


EGR*  1552' 
SR»  2047’ 


40 

20 


0  +  0.472  SEC 


0.1  0.2  .  0.3 

CROSS-OVER  AT  ;.05  SEC 


Fig,  ^.12  Air  PresGure  Gage  Records,  Shot  11,  Stations  280  chrough  204 
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0  +  2  897  SEC  CROSS-OVER  AT  4.07  SEC 


Fig.  4.13  Air  Preeaure  Gage  Records,  Shot  11,  Stations  290  through  203 


are  still  present  but  less  noticeable.  At  greater  ground  ranges^  single 
arrivals  were  observed^  indicating  the  formation  of  a  Mach  stem^  with 
wave  forms  entirely  similar  to  those  observed  from  surface  level  gages. 

4.3A  Shot  10 


The  wave  forms  of  the  pressure-time  records  from  UPSHOF-KNOTHQIJS 
Shot  10  (i4.9  KT  at  ^24  ft  burst  height)  are  similar  to  those  to  be  ex¬ 
pected  in  view  of  the  results  of  TUMBLER  Shot  k  (19*6  KT  at  10^  ft 
burst  height).  At  all  gage  stations  vithin  2^00  ft  of  ground  zero^  the 
gage  records  shov  marked  deviations  from  the  classic  shock  vave.  The 
significant  portions  of  all  primary  records  showing  wave  form  distor¬ 
tion  sure  reproduced  in  Figs.  4.9  through  4.11.  A  study  of  these  records 
shows  the  development  and  subsequent  decay  of  the  precursor  wave.  The 
precursor  pressure  wave  may  be  seen  as  a  phenomenon  separate  from  the 
main  blast  wave  at  Stations  F2l6  and  F202  (921  ft  and  2417  ft  ground 
range)  and  possibly  at  Station  F21^  (430  ft  ground  range). 

The  closest  gage  record,  15B  (430  ft),  as  shown  in  Fig.  4^9 
registers  a  short  duration  pressure  rise  to  c^out  ^0  psi  followed  by  a 
sharp  increase  in  overpressure.  The  pressure  then  appears  to  remain 
essentially  constant  until  another  peak  becomes  evident.  The  rounded 
appearance  of  this  later  peak  is  probably  due  to  gage  overload  (gage 
rating  was  100  psi)  and  any  estimation  of  the  peak  pressure  would  be 
highly  speculative.  As  would  be  expected  in  this  strong  shock  region, 
the  15B  pressure  record  decays  to  zero  overpressure  quite  rapidly  and 
only  a  short  negative  pressure  phase  is  observed. 

At  the  next  gage  station,  F2l6  (921  ft  ground  range),  the  sur¬ 
face  level  gage,  16b,  shows  a  sharp  rise  to  a  broad  jagged  plateau, 
followed  by  a  blast  wave  of  essentially  normal  characteristics,  except 
that  the  rise  time  does  not  indicate  a  true  shock  front.  In  the  above¬ 
ground  records  at  this  location,  I6BIO  and  168^0,  the  later  phases  are 
lost  owing  to  the  destruction  of  the  gage  tower  and  subsequent  cable 
breakage.  The  first  pressure  rise  is  less  sharp  and  occurs  later  than 
at  the  surface  level,  and  the  plateau  is  much  rougher.  On  16b^  two 
subsequent  sharp  arrivaJ.s  are  noted,  which  appears  to  be  coeqpatible 
with  the  conventional  incident  and  reflected  arrivals,  but  the  decay  oi 
pressure  after  the  first  of  these  arrivals  is  abnormally  rapid. 

Referring  to  Fig.  4.10,  the  records  from  Station  F217  (l4l9  ft 
ground  range)  show  the  full  development  of  the  precursor.  The  surface 
level  gage,  I7B,  shows  a  slow  rise  to  a  broad,  rough  plateau  of  very 
long  duration  with  no  narked  pressure  peaks.  At  aboveground  gages  at 
this  station  there  is  a  similar  slow  first  rise  followed  by  a  sustained 
violent  oscillation  which  is  later  obscured  by  cable  breakage.  A  tend¬ 
ency  toward  this  oscillation  effect  was  noticeable  on  the  gages  of 
Station  F216  but  it  had  not  developed  fully.  It  is  particularly  in¬ 
teresting  to  note  that  the  onset  of  this  oscillation  is  progressively 
later  at  higher  elevations.  Obviously  it  is  impossible  to  discern  any 
definite  incident  or  reflected  shock  wave  arrival  at  this  station. 

At  Station  F200  (I916  ft  ground  range)  the  record  (3B  (see  Fig. 
4.11)  retains  the  same  characteristics  as  17B,  while  the  oscillation 
on  the  aboveground  gages  is  reduced  but  still  noticeable.  At  this 
station  no  cable  breakage  occurred,  so  the  full  pressure-time  history 
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is  available,  but  it  is  sti3.1  impossible  to  perceive  any  late  arrivals 
which  could  be  attributed  to  ^he  arrival  of  the  main  blast  wave.  At 
this  station,  a  sharp  initial  rise  is  observed  on  the  50  ft  gage,  with 
slower  rises  on  the  surface  and  other  gages.  This  is  in  contrast  to 
the  opposite  tendency  of  station  F?l6.  Tne  tendency  for  all  correla- 
table  events  to  occur  later  at  the  higher  gages  is  still  evident. 

At  Station  F202  (2417  ft  ground  range),  the  later  characteristics 
of  the  precursor  effect  are  seen;  the  roughness  and  oscillation  have 
disappeared  and  the  sharp  initial  rise  is  observed  on  both  aboveground 
gages.  Following  the  initial  rise  the  pressure  increases  gradually 
until  the  main  blast  wave  arrives.  This  second  arrival  is  most  notice¬ 
able  on  the  aboveground  gages  but  is  entirely  perceptible  at  the  sur¬ 
face  level.  The  tendency  for  progressively  later  arrivals  at  the  above¬ 
ground  gages  is  still  present  out  less  pronounced.  Tnis  is  indicative 
that  at  this  station  the  precursor  front  is  becoming  more  nearly  verti¬ 
cal,  possibly  due  to  the  toe  slowing  up.  The  precursor  apparently  dis¬ 
appeared  entirely  before  the  next  station  (F204,  2‘:^l6  ft  ground  range) 
was  reached.  Here  the  records  were  conventional,  as  tney  were  at  sub¬ 
sequent  stations. 

4.3.5  Shot  11 


The  tracings  of  the  important  oscillograph  records  obtained  on 
Shot  11  are  presented  in  Figs.  4.12  and  4.13.  Figure  4.12  shows  typical 
records  from  the  precursor  region  and  their  resemblance  to  the  records 
from  Shot  10  is  evident.  Few  aboveground  gages  were  installed  in  tnis 
region  for  this  shot,  but  6IBIO  (ground  range  2471  ft)  shows  some  of 
tne  characteristics  observed  00  aboveground  gages  in  Fig.  4.11.  On 
none  of  these  records  can  a  si  jrp  blast  wave  arrival  be  observed,  but 
on  a  few  records  the  arrival  of  the  main  blast  wave  cein  be  detected 
with  some  degree  of  certainty.  In  tne  OOB  record  (surface  level  at 
Station  7-2^,  1525  ft  ground  range)  tne  precursor  pressure  shows  signs 
of  decaying  before  tne  arrival  of  the  main  shock.  For  this  reason  it 
is  not  difficult  to  identify  the  arrival  of  the  main  shock;  however, 
this  identification  oecomes  more  vague  as  subsequent  gage  records  are 
studied.  At  Station  7-204,  (3445  ft  ground  range),  the  main  shock  ar¬ 
rival  is  observable  on  the  record  from  Gage  4B5.  The  resemblance  of 
this  record  to  tnat  from  Gage  2B  on  Shot  10  is  noticeable.  Referring 
to  Fig.  ^.13;  gage  record  ^OB  (353^  ft  ground  range)  still  snows  strong 
evx fence  of  a  thermal  effect,  manifested  by  the  slow  rise  time.  This 
effect  is  still  perceptible  at  tne  surface  level  gage  of  Station  7-2b2 
(4430  ft  ground  range)  but  is  not  evident  at  the  iO  ft  gage,  82B10,  or 
at  subsequent  gages  at  greater  ground  reinges. 

The  4B5  and  4Q5  records  of  Snot  11  shown  in  Fig.  4.12  are  from 
the  Pitot  tube  gages.  The  4B5  trace  is  a  record  of  tne  conventional 
side-on  static  pressure  at  the  gage  station,  while  the  4ci5  record  gives 
the  drag  pressure  behind  the  shock  wave.  Tne  record  of  tnis  differen¬ 
tial  gage,  4Q5;  exhibits  a  ringing  effect  wnicn  is  not  readily  explained. 
However,  tnese  gages  displayed  similar  effeqts  when  used  on  utner  snots 
by  the  Sandia  Corporation  (Project  l.ld).i^  Except  lor  tnis  ringing 
effect,  the  general,  wave  form  of  tnis  record  is  qualitatively  similar 
to  tnat  obtained  from  Gage  4B5. 
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4.3.6  Earth  Acceleration 


Some  record  tracings  of  acceleration  vs  time  from  Shots  9  and  10 
are  shown  in  Figs.  4.i4  and  4.15  respectively.  The  tracings  are  ar¬ 
ranged  so  that  the  records  of  horizontal  acceleration  (indicated  by  the 
letter  H  in  the  code  number)  appear  a  )ove  those  of  vertical  accelera¬ 
tion.  According  to  the  convention  observed,  eui  upward  deflection  indi¬ 
cates  a  ix)sitive  acceleration,  defined  as  a  hori7ontal  acceleration  a- 
way  from  ground  zero,  or  a  vertical  acceleration  upward.  The  markers 
labeled  tp  and  tg  are  used  to  indicate  the  time  of  arrival  of  the  pre¬ 
cursor  air  pressure  wave  and  the  main  shock  wave,  respectively,  at  each 
gage  station.  Where  the  prior  arrival  of  an  earth-transmitted  wave, 
tg,  is  observable  on  the  original  record,  this  arrival  time  is  noted  on 
the  tracings,  but  no  effort  was  made  to  show  these  early  arrivals,  since 
they  were  not  usually  of  sufficient  amplitude  to  be  meaningfully  repro¬ 
duced. 

In  Fig.  4.l4,  the  Shot  9  horizontal  acceleration  record  from  the 
i6H5  gage  (range  1260  ft,  buried  5  ^‘t  deep)  exhibits  a  slap-type  wave 
form.  The  actuad  acceleration  onset  occurs  about  4  or  5  msec  after  the 
air  blast  arrival,  which  would  correspond  to  a  velocity  through  the 
earth  of  about  1000  fps.  This  velocity  is  not  unreasonable  and  is  in 
the  same  .range  as  that  observed  for  the  TUMBLER  acceleration  measure¬ 
ments. i2/  From  the  gage  record  at  the  next  station  (2134  ft),  it  is 
obvious  that  the  earth  disturbance  is  experienced  by  the  gage  before 
the  arrival  of  the  blast  wave  slap.  This  indicates  that  the  earth- 
transmitted  wave  has  already  outrun  the  air -transmitted  wave  at  this 
radius  as  explained  in  Section  1.3.3.  The  vertical  acceleration  records 
sho\/n  in  Fig.  4.l4  exhibit  much  larger  and  sharper  peaks  associated 
with  the  air  blast  slap  than  do  those  of  the  horizonteil  acceleration. 

Looking  at  Fig.  4.15  and  the  Shot  10  horizontal  earth  accelera¬ 
tion  tracings,  it  becomes  obvious  that  the  precursor  has  a  decided  ef¬ 
fect  upon  the  wave  forms.  At  Station  F2l6  (i6H5),  the  precursor  gives 
rise  to  a  measurable  horizontal  acceleration  which  arrives  at  the  gage 
at  a  time  (about  6  msec  after  tp)  corresponding  to  a  near-surface  earth 
velocity  of  about  1000  fps.  The  0H5  record  at  Station  F200  (1916  ft 
ground  range)  exhibits  an  outrunning  characteristic  similar  to  that 
observed  on  Shot  9.  The  vertical  earth  accelerations  from  Shot  10  as 
shown  in  Fig.  4.15,  similar  to  the  Shot  9  case,  exhibit  higher  euid 
sharper  slap  acceleration  peaks  than  do  the  horizontal  records.  In  the 
precursor  region,  the  earth  acceleration  disturbances  begin  when  the 
precursor  wave  arrives  at  the  gage  ‘Station  and  the  rise  time  is  much 
longer  than  that  a.ssociated  with  a  conventional  shock  wave. 

4.4  TABLES 

The  primary  as-read  air  pressure  data  for  the  surface  and  above- 
giound  levels  for  1  five  shots  are  contained  in  Tables  4.1  through 
4.22,  which  list  the  station,  gage  designation,  ground  range,  slant 
range,  positive  pressure  at  the  end  of  the  snock  rise,  maximum  positive 
pressure,  maximum  negative  pressure,  time  of  arrival  of  incident  and 
reflected  shocks,  positive  and  negative  phase  duration,  po’sitive  and 
negative  impvilse,  initial  and  final  incident  pressure,  reflected  pressure, 
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and  precursor  pressure.  In  addition,  these  data  are  A-scaled  and  are 
presented  in  tables  of  normalized  values.  It  should  be  noted  that  be¬ 
cause  of  the  pressui’e  "blips**  occurring  in  the  negative  phase  on  Shots 
3,  10,  and  11,  it  vras  not  possible  to  determine  correctly  *;he  duration 
of  the  negative  phase  or  the  negative  impulse.  For  this  reason,  these 
quantities  are  omitted  from  the  tables  for  these  snots.  In  the  case 
cf  Shot  9>  although  a  "blip"  was  present,  it  was  possible  to  estimate 
with  reasonable  accuracy  the  duration  and  impulse  associated  with  the 
negative  pnase.  Te.bles  4.23  and  4,24  present  the  earth  acceleration 
and  partible  velocity  data  derived  therefrom. 

In  the  use  of  all  tables,  the  reader  may  refer  to  Table  3*1  ^‘or 
pertinent  data  regarding  shot  conditions.  Table  5*1  ^or  scaling  factors, 
and  to  Figs.  4.2,  4.3,  and  4,4  for  the  meaning  of  certain  notations. 

In  addition,  Figs-  3‘1  through  3*^  are  useful  for  the  visualization  of 
individual  station  locations  and  other  data  for  each  shot. 

These  tables  constitute  the  bulk  of  the  data  presentation  for 
this  project.  In  many  cases,  data  are  included  which  are  not  discussed 
in  this  report,  but  which  may  be  pertinent  to  further  study  by  the 
reader.  All  graphs  and  presentations  in  this  report  are  constructed 
from  or  derived  from  tnese  tables. 

4.5  GRAPHS  OF  PRIMARY  AS-RFJVD  DATA 

The  primary  as -read  data  are  presented  in  graphical  form  in 
Figs.  4.l6  through  4.47.  These  graphs  include  time  cf  arrived,  pres¬ 
sure,  positive  phase  duration,  and  impulse,  plotted  principally  as 
functions  of  ground  range.  This  section  of  the  report  will  deal  with 
the  as-read  results  in  an  effort  to  demonstrate  how  the  various  air 
olast  phenomena  varied  from  shot  to  shot  in  this  test.  A  detailed  dis¬ 
cussion  of  the  more  important  aspects  cf  the  test  and  comparisons  with 
otner  tests  will  be  based  upon  the  A-scaled  curves  presented  in  Ctiapter 


4.5.1  Times  of  Arrival 


Graphs  of  times  of  arrival  for  Shots  9,  10,  and  11  are  shown  in 
Figs.  4.16  through  4.l6.  (The  arrival  time  data  for  Shots  3  and  4  ap¬ 
pear  to  have  no  significance  and  are  not  snown  in  graphical  form.) 

Tne  graph  for  time  of  arrival  vs  giound  range  for  Shot  9  is 
shown  in  Fig.  4.l6,  based  on  arrival  times  at  ground  level  gatges.  Tnis 
curve  is  included  primarily  because  of  its  possible  usefulness  lo  ele¬ 
ments  of  Programs  3,  aj^d  9,  a^id  is  plotted  against  ground  range 
mainly  for  this  reason.  It  should  be  noted,  nuwever,  tnat  the  majority 
of  tnese  data  are  from  gages  located  in  the  Mach  reflection  region, 
where  reference  to  slant  rar^e  would  be  meaningless.  Figure  4.17  unows 
tne  arrival  time  curve  for  Shot  10,  witn  an  enlargeijent  of  the  early 
portion  of  this  curve  for  clarity.  Although  tne  exact  snape  of  tne 
main  snock  arrival  curve  in  tne  early  region  is  questionable,  tne  ad¬ 
vance  arrival  of  the  precursor  is  evident  from  tnis  presentation. 

Arrival  time  data  for  Snot  11  are  shown  in  Fig.  4.l6.  Again 
tile  advance  arrival  of  tne  precursor  is  evident,  aitvough  the  precise 
curve  fur  tne  main  snock  arrival  in  the  precursor  region  is  even  more 
indetenninate. 
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For  SMJilng  of  vTvbola  aee  Fig.  4.2 


10  Ft  Level* 


Actual  gage  height,  10  ft;  A-ecaled  gage  height,  16.2  ft 


TABLE  4*3  -  Air  Pressure,  Shot  4>  Surface  Level 


PLK  4,4  -  Air  Pressure  (ircident),  Shot  4^  10  Ft  Level^ 


Actual  ga^e  height  10  ft;  A-acaled  gage  height  3.95 


TABU::  4.5’  -  Air  iTessuro  (’leflected) ,  Shot  4,  10  Ft  Levcl^- 
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TABLE  4.6  -  Air  Pres 
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TABLE  4.7  -  Air  Pressiire  (incident).  Shot  9,  10  Ft  Level* 
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'ADLC  4.8  -  Air  Pressure  (Reflected),  Shot  9,  10  Ft  Level 


For  aeanlng  of  Bynbolei  aee  Fig.  4.2 


TABLE  4.9  -  Air  Pressiore  (incident).  Shot  9;  30,  35,  and  40  Ft  Levels^ 
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TABLE  4.10  -  Air  Pressiire  (Reflected),  Shot  9;  30,  35,  and  40  Ft  Levels* 
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115  X  1/2  Pn 

35,  and  40  ft;  A-scalad  gaga  h&lghta,  9.49,  11.07,  and  12.65 


Air  Pressure  (Incident),  Shot  9>  50  Ft  Level* 


for  B«anlnf  of  oymboli  Fig.  4 


TABL.  4.12  -  Air  I^osmre  (R^^f lected) ,  Shot  9,  30  Ft  Level^^ 
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TABLE  4.13  -  Air  Presprre  (Precursor),  Shot  10,  Surface  and  10  Ft  Levels^ 
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*■  -  nrtuul  pt-pc  helphts,  0  arc;  10  ft;  i-Sculed  gage  heights,  0  and  3.88  ft 
For  neaninp  of  symbn?.s  see  Fig.  4.3 


TABLE  4.14  -  Air  Pressure  (Precursor),  Shot  10|  30  and  50  Ft  Levels* 
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TABL^:  4.16  -  Air  Pressiire,  Shot  10;  10  Ft  Level^ 
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’ABLE  4.17  -  Air  Pressure,  Shot  10;  30,  35,  and  40  Et  Levels^ 
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ABLE  4.21  -  Air  Pressure,  Shot  11:  5  and  10  Ft  Levels* 
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,,?.3  -•  Karth  Acceleration  and  Velocity,  Shot  9 
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Acceleration  and  Velocity,  Shot  10 
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GROUND  RANGE  !X  1000  FT) 


Fig.  4.16  Arrival  Times  at  Surface  Level,  Main  Shoc)c,  Shot  9 
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TIME  (SECONDS) 
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EFFECTIVE  GROUND  RANGE  (X  1000  FT) 


Fig.  4.18  Arrival  Times  at  Surface  Le  ^1,  Precursor  and  Main  Shock, 

Shot  11 
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SLANT  RANGE  (X  1000  FT) 


Fig.  4.19  Incident  Air  Pressture  vs  Slant  Range,  Shot  4 


SLANT  RANGE  (X  1000  FT) 

Fig.  4.20  Incident  Air  Pressure  vs  Slant  Range,  Shot  9 
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PRESSURE  (PSD 


GROUND  RANGE  (X  1000  FT) 


Fig.  4.21  Maximum  Air  Pressure,  Shot  3 
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EFFECTIVE  GROUND  RANGE  (X  1000  FT) 


Fig.  4.22  Majcimum  Aii*  Pressure,  Shot  4 
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01  2345678 


GROUND  RANGE  (X  1000  FT) 

Fig.  4.23  Maximum  Air  Pressure,  Shot  9>  Surface  Level 
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Pig.  4.25  MoLXijnum  Air  Pressure,  Shot  9y  30>  35>  and  hO  ft  Levels 
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Fig.  4.26  Maixlmum  Air  Pressure,  Shot  50  ft  Level 
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GROUND  RANGE  (X  1000  FT) 

Fig.  4.27  Maximum  Air  Pressure,  Shot  10,  Surface  Level 
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Fig,  4.29  Maximum  Air  Pressure,  Shot  11,  Surface  and  10  ft  Levels 
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Fig*  4.30  Maximum  Precui'sor  Air  Pressure,  Shot  10 
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EFFECTIVE  GROUND  RANGE  (X  1000  FT) 


Fig.  **.31  Maximum  Precursor  Air  Pressure,  Shot  11 
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TIME  (SECONDS) 


GROUND  RANGE  (X  1000  FT) 


Fig.  4.32  Positive  Phase  Duration,  Shots  3  and  4 
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Fig.  ^.33  Posltlv.!  Fhoa:  Duration,  Snot  9 
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Fig.  4.36  Positive  Impulbe,  Shot  3 
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EFFECTIVE  GROUND  RANGE  (X  !000  FT) 
Fig.  4.38  Negative  Impulse,  Shot  4 
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Fig.  4.39  Positive  Impulse,  Shot  9 
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Fig.  4.40  Negative  Lapulse,  Shot  9 
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Fig.  k.kl  Precursor  and  Positive  Impulse,  Shot  I9 
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Fig.  4.42  Precursor  and  Positive  Impilse,  Shot  11 
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PRESSURE  (PSD 


GROUND  RANGE  (X  1000  FT) 

Fig.  4.43  Maximum  Negative  Air  Pressure,  Shot  3 
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.  H.A6  Maximum  Negative  Air  Pressure,  Shot  10 
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4.5.2  Incident  Free  Air  Pressure 

Incident  pressures  could  be  measxired  only  on  Shot  4  and  on  a  por¬ 
tion  of  the  gages  on  Shot  9*  These  data  are  presented  in  Figs.  4.19 
and  4.20,  plotted  against  slant  range.  The  scatter  of  the  data  points 
is  somewhat  large,  but  the  curves  shown  are  the  best  visual  fit  to  the 
e3q)erimental  points.  The  very  small  pressure  levels  measured  on  Shot 
4  are  probably  the  cause  of  the  scatter  in  this  case,  whereas  on  Shot 

9  it  may  be  attributable  to  misorientation  of  the  gage  baffles,  due  to 
the  bombing  error,  discussed  in  the  next  section. 

4.5.3  Maximum  Air  Pressures 

The  graphs  of  maximum  air  pressures  for  each  shot  are  included 
in  Figs.  4.21  through  4.29. 

The  curve  for  maximum  air  pressure  at  the  surface  level  and  10 
ft  level  for  Shot  3  is  presented  in  Fig.  4.21.  It  can  be  seen  from 
this  figure  that  the  maximum  pressures  at  the  two  levels  were  similar 
out  to  a  ground  ratnge  of  approximately  3OOO  ft,  after  which  the  data 
points  seem  to  scatter  badly.  Part  of  the  scatter  is  probably  due  to 
the  inaccuracies  inherent  in  measurement  of  pressures  below  1  psi  em¬ 
ploying  instrumentation  of  the  type  used  by  Project  1.1b.  The  curve 
represents  the  best  visual  fit  to  the  data  points. 

The  maxi mum  air  pressure  vs  effective  ground  range  curve  for  Shot 
4  is  shown  in  Fig.  4.22.  Points  are  plotted  for  both  the  surface  and 

10  ft  leva!  gages.  A  single  curve  represents  the  data  from  both  gage 
elevations,  although  all  gages  were  in  the  regvilar  reflection  region. 

The  time  intervals  between  the  incident  and  reflected  arrivals  at  the 
10  ft  gages  were  very  small  as  compared  with  the  total  positive  phase 
duration,  so  that  there  was  very  little  pressure  decay  before  the  ar¬ 
rival  of  the  reflected  wave.  As  a  consequence,  the  two  sets  of  meas¬ 
urements  are  comparable . 

A  series  of  figures  are  used  to  show  the  maximum  air  pressures 
measured  on  Shot  9i  the  surface  level  data  are  shown  in  Fig.  4.23,  while 
the  aboveground  data  are  shown  in  Figs.  4.24  through  4.26.  It  will  be 
seen  that  each  of  these  curves  exhibits  a  pronounced  inflection  in  the 
region  of  2000  to  4000  ft  ground  range,  with  the  possible  exception  of 
that  for  the  50  ft  gage  height.  (Unfortunately,  in  this  case  the  loss 
of  one  gage  record,  added  to  one  questionable  data  point,  leaves  the 
shape  of  the  curve  indeterminate  in  this  region.)  These  inflections 
are  well -documented,  and  are  similar  to  those  noted  from  some  TUMBLER 
shots  (see  Section  5*2.1).  It  is  believed  that  the  inflections  in  the 
maximum  air  pressure  curves  are  due  to  the  onset  of  Mach  reflection 
near  2000  ft  ground  range. 

In  Figs.  4.24  through  4.26,  the  surface  level  curve  is  shown  as 
a  dotted  curve  for  comparison.  It  is  obvious  from  Fig.  4.24  that  the 
maximum  pressures  measured  at  the  10  ft  level  are  higher  than  the  sur¬ 
face  level  pressure,  especially  in  the  intermediate  ground  ranges,  al¬ 
though  the  shapes  of  the  curves  are  similar.  Tne  maximum  pressures 
measured  at  other  heights  (Figs.  4.25  and  4.26)  compare  more  closely 
with  those  measured  at  the  surface  level.  Under  normal  conditions, 
i.e.,  no  thermal  layer,  slightly  lower  pressures  are  expected  from 
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aboveground  gages.  It  is  generally  conceded,  however,  from  Mach  stem 
data,  that  the  Shot  9  detonation  produced  euQ  effective  thermal  layer 
near  the  ground  surface.  This  thermal  layer  probably  acted  to  depress 
the  peak  pressures  measured  at  the  surface  level,  which  may  explain  the 
results  shown  in  Fig.  4.24. 

Another  possible  exp3.anation  for  this  discrepancy  between  sur¬ 
face  and  abovegroxind  pressures  may  be  found  in  the  large  bombing  error 
experienced  on  this  shot  (see  Fig.  3*2).  The  resultant  baffle  misorien- 
tation  would  probably  cause  euQ  increase  in  measured  pressure,  althoxigh 
the  amount  of  this  increase  is  unpredictable  at  present.  The  results 
of  wind  tunnel  studiesi^on  this  effect,  which  predict  higher  peak  pres¬ 
sures  for  the  Shot  9  "type  of  misorientation,  were  not  well  confirmed 
by  experiments  with  deliberate  misorie^^tation  under  blast  wave  condi¬ 
tions  on  TUMBLER  and  other  tests.i^  However,  this  discrepancy  may  be 
resolved  by  the  aboveground  pressure  error  due  to  baffle  misorientation. 

A  comparison  with  results  from  otner  agencies  tends  to  confirm 
this  conclusion.  Data  from  the  Naval  Ordnance  Laboratory,  Project  1.1a 
and  1.2,  show  the  same  type  of  comparison  between  surface  level  and  10 
ft  level  gages.  Each  of  these  curves  checks  well  with  Figs.  4.23  and 
4.24.  This  project  used  gage  baffles  almost  identical  with  those  used 
Project  1.1b.  On  the  other  hand,  data  from  the  Samdia  Corporation,  Pro¬ 
ject  l.ld,i2/on  aboveground  measurements  at  heights  of  8  to  15  ft  com¬ 
pare  closely  with  those  of  P’ig.  4.23  (surface  level).  These  data,  how¬ 
ever,  were  obtained  from  the  side  orifice  of  Pitot  tube  gages,  where 
the  misorientation  effects  were  probably  quite  different. 

Tne  Shot  10  data  for  maximum  air  pressure  at  surface  level  are 
shown  in  Fig.  4.27.  This  curve  shows  a  decided  break  at  approximately 
l800  ft  ground  reinge,  probably  due  to  significant  precursor  dissipation 
in  this  region.  The  aboveground  maximum  air  pressures  are  plotted  in 
Fig.  4.26  and  comparison  is  made  in  this  figure  with  the  maximum  pres¬ 
sure  at  surface  level  (dashed  curve).  It  is  evident  from  this  figure 
that  the  break  exhibited  on  the  surface  level  curve  is  absent  in  the 
case  of  the  aboveground  pressures;  this  is  in  contrast  with  the  behavior 
on  Shot  9;  where  similar  breaks  are  observed  at  all  levels.  The  maxi¬ 
mum  air  pressures  recorded  on  the  surface  level  gages  are  significantly 
lower  than  the  aboveground  pressures  in  the  region  between  1000  end  2500 
ft,  giving  the  appearance  that  the  formation  of  the  precursor  tends  to 
depress  the  maximum  pressures  more  at  the  surface  than  above  the  surface. 

Figure  4.29  shows  the  maximum  air  pressure  at  surface  level  for 
Shot  11.  If  reliance  is  placed  on  the  one  surface  level  gage  at  a 
ground  range  of  2955  i't;  a  clear  break  is  showa  in  the  curve.  Similar  - 
ly,  if  the  5  ft  high  gage  at  3445  ft  was  reliable.  Shot  11  shows  the 
same  characteristic  as  Shot  10  in  the  precursor  region  where  the  sur¬ 
face  pressures  were  consistently  below  the  pressure  aboveground.  Be¬ 
yond  the  precursor  region  for  ground  ranges  greater  than  4500  ft,  the 
10  ft  iiigh  pressures  were  about  the  same  as  those  at  surface  level. 

4.5.4  Precursor  Air  Pressure 

Precursor  air  pressures  were  observed  on  Shots  10  and  11,  and 
these  data  i3Lre  plotted  in  Figs..  4.30  and  4*31.  For  Shot.  10,  Fig.  4.30 
shows  the  precursor  pressure  plotted  vs  ground  range;  also  shown  on  this 
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figxire  is  a  portion  (dotted)  of  the  maximum  air  pressure  curve  for  the 
surface  level. 

Figure  4.31  presents  the  precursor  pressures  associated  with  Shot 
11;  also  shown  (dotted)  is  a  portion  of  the  sui-face  level  maximum  air 
pressure  curve.  The  most  noticeable  feature  of  this  curve  is  the  es¬ 
sentially  constant  precursor  pressures  at  all  ranges  where  measurements 
were  made. 

4.5.5  Positive  Phase  Duration 

The  positive  phase  durations  for  all  shots  are  plotted  in  Figs. 
4.32  through  4.35.  The  curves  of  positive  phase  duration  vs  ground 
range  for  Shots  3  4  are  shown  in  Fig.  4.32.  In  both  cases,  the 

points  from  records  of  geiges  at  the  surface  and  the  10  ft  levels  are 
included,  and  it  will  be  seen  that  the  curves  drawn  fit  data  points 
from  both  levels  equally  well.  This  is  to  be  expected  on  Shot  3>  since 
all  measurements  were  made  in  the  Mach  region,  but  would  not  ordinarily 
be  expected  on  Shot  4,  where  all  measurements  were  made  in  the  region 
of  regular  reflection.  The  10  ft  gage  elevation,  however,  results  in 
such  a  smsLll  separation  between  the  incident  and  reflected  shocks  that 
the  totsil  positive  phase  duration  is  apparently  not  appreciably  af¬ 
fected  in  this  case. 

The  positive  phase  durations  associated  with  the  air  pressure 
measurements  for  Shot  9  are  shown  in  Fig.  4.33.  Here,  the  points  plot¬ 
ted  include  all  surface  measurements  and  the  aboveground  measurements 
where  the  Mach  triple  point  was  above  the  gage  involved. 

Figure  4.34  shows  the  positive  phase  durations  for  Shot  10.,  Here 
some  of  the  surface  level  points  fall  so  far  from  the  smooth  curve  as¬ 
sociated  with  points  from  other  levels  and  other  surface  level  points 
that  a  separate  curve,  shown  dotted,  appears  to  be  justified  for  the 
surface  level  measurements.  A  difference  in  this  region  would  be  ex¬ 
pected  from  an  inspection  of  the  records  of  Figs.  4.9  through  4.11,  be¬ 
cause  of  the  much  earlier  arrivals  at  the  surface  level  gages,  but  this 
does  not  justify  the  magnitude  of  this  deviation.  Where  possible,  pre¬ 
cursor  durations  were  measured  (such  measurements  are  dependent  on 
identification  of  main  shock  arrivail  time),  and  a  plot  from  these  points 
is  included  in  Fig.  4.34.  The  association  between  this  curve  and  the 
deviation  of  the  surface  level  curve  from  the  smooth  curve  is  apparent, 
in  that  the  peaks  occur  at  approximately  the  same  ground  range. 

Similar  curves  are  drawn  for  Shot  11  in  Fig.  4.35.  Here  the 
difference  between  positive  phase  durations  at  the  surface  and  at  10  ft 
is  not  obvious  and  the  effect  of  the  precursor  duration  is  not  so  pro¬ 
nounced  as  on  Shot  10. 

4.5.6  Impulse 

Graphs  of  positive  and  negative  imp’olse  are  included  in  Figs. 

4.36  through  4.42.  Figure  4.36  shows  a  plot  of  positive  impulse  vs 
ground  range  for  Shot  3«  The  points  for  the  surface  level  and  10  ft 
level  impulses  are  included  in  this  figure.  There  seems  to  be  no  sig¬ 
nificant  difference  between  positive  impulses  measured  at  the  two  levels 
on  this  shot,  probably  due  to  the  fact  that  all  measurements  are  in  the 
Macn  region. 
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The  positive  iji5)ul8e8  measured  on  Shot  4  are  plotted  in  Fig.  4.37. 
The  plotted  points  indicate  that  the  positive  impulses  measured  at  the 
surface  and  10  ft  levels  on  Shot  4  are  not  significantly  different.  It 
should  be  observed  that  these  measurements  are  all  in  the  regular  re¬ 
flection  region,  where  the  iiqauase  for  aboveground  gages  might  be  ex¬ 
pected  to  be  different  from  that  for  surface  gages.  However,  this  ef¬ 
fect  is  not  seen  in  Fig.  4.32  nor  in  Fig.  4.22,  where  the  Shot  4  posi¬ 
tive  phase  durations  and  maximum  pressures  are  plotted.  Therefore,  the 
conclusion  to  be  drawn  from  viewing  these  figures  and  Fig.  4.37  is  that 
the  pressure -time  wave  forms  are  conventional  and  invariant  for  Shot  4. 

A  similar  conclusion  can  be  drawn  from  the  negative  impulse  curve  of 
Fig.  4.38. 

The  positive  and  negative  Impulses  associated  with  Shot  9  are 
presented  in  Figs.  4.39  4.4o.  In  each  case,  only  such  aboveground 

gages  as  were  in  the  Mach  reflection  region  were  included  as  data  points. 
Figure  4.39  shows  that  in  the  Mach  region  the  10  ft  level  impulses  are 
significantly  larger  than  those  measured  at  the  surface.  This  result 
is  not  inconsistent  with  the  maximum  pressxire  curves  of  Fig.  4,24,  which 
Indicate  higher  maximum  air  pressures  at  the  10  ft  level  on  Shot  9.  The 
negative  Impulse  curve  of  Fig.  4.40  exhibits  an  obvious  hump  at  about 
2600  ft  ground  range,  which  is  near  the  radius  where  true  Mach  reflection 
should  begin. 

The  total  positive  impulse  for  Shot  10  is  shown  in  Fig.  4.4l. 

Data  from  aboveground  gages  in  the  Mach  reflection  region  are  included, 
and  a  single  curve  appears  to  fit  all  data  points  very  well.  The  agree¬ 
ment  between  surface  and  aboveground  impulses  on  this  shot  is  due  to  a 
combination  of  circumstances:  the  surface  air  pressures  out  to  ground 
ranges  of  about  3OOO  ft  are  lower  than  aboveground  pressures  (see  Fig. 
4.28);  however,  the  surface  level  positive  phase  durations  in  this  same 
region  are  longer  than  those  associated  with  the  aboveground  levels  (see 
Fig.  4.34),  Apparently,  these  two  facts  compensate  for  each  other,  re¬ 
sulting  in  the  single  curve  of  Fig.  4.4l.  For  comparison,  the  curve  of 
the  estimated  precursor  impulse  is  included  in  this  figure. 

Figure  4.42  presents  the  positive  Impulse  results  from  Shot  11, 
plotted  in  the  same  fashion  as  in  the  previous  figure.  The  precursor 
impulse  curve  is  eilso  Included. 

4.5.7  Negative  Air  Pressure 

The  data  for  maximum  negative  air  pressures  are  plotted  in  Figs. 
4.43  through  4.47.  It  should  be  observed  that  the  pressure  levels 
represented  by  these  curves  ar^  always  far  below  those  expected  for 
maximum  positive  pressure  and  for  which  the  gage  ranges  and  attenuator 
settings  were  designed.  As  a  consequence,  the  accui'acy  of  measurement 
of  these  minute  pressures  is  somewhat  poor,  and  a  considerable  scatter 
of  data  points  is  to  be  expected, peirticularly  on  Shots  3  and  4. 
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CHAPTER  5 

DISCUSSION 


5.1  (ffiHERAL 

In  this  chapter,  the  Project  1.1b  A-scaled  data  will  be  considered 
and  the  following  subjects  will  be  discussed: 

Verification  of  air  blast  scaling  laws 

Comparisons  of  air  blast  data  obtained  from  the  various  UPSHOT- 
KNOTHOLE  shots 

Validity  of  an  empirical  relationship  between  positive  duration, 
positive  impulse,  and  maximum  air  pressure 

Incident  air  pressures  and  altitude  corrections 

In  addition,  the  aeiln  factors  relating  to  general  air  blast  phe¬ 
nomenology  will  be  considered  in  the  following  order: 

Regular  reflection 

Mach  reflection 

Precursor  phenomena 

Height  of  burst  considerations 

Finally,  some  attention  will  be  given  to  the  discussion  of  secondary 
air  pressure  shocks,  esui;h  acceleration,  and  earth  particle  velocity. 

5.2  A-SCALED  DATA  AND  COMPARISONS 


To  facilitate  the  intercosgiarison  of  results  from  the  various  shots 
of  UPSHOT-KNOTHOLE  and  also  comparison  with  results  of  other  tests,  it 
is  necessary  to  normalize  the  data  to  a  common  set  of  hypothetical  con¬ 
ditions.  This  is  usually  done  by  reducing  the  data  from  eflu:h  shot  to 
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conu?.tions  corresponding  to  a  1  KT  radiochemical  equivalent  detonation 
at  se=i  level.  To  obtain  these  A-scaled  data,  the  as-read  quantities 
are  nroltiplied  by  the  appropriate  factors  shown  in  Table  The  sub¬ 

scripts  "b"  and  "o"  indicate  burst  and  sea  level  ambient  conditions 
respectively,  W  is  the  radiochemical  yield  in  KT,  and  P  and  T  are  the 
atmospheric  pressure  and  the  absolute  temperature  respectively. 

TABLE  5.1  -  A -Scaling  Factors 


For  easy  reference.  Table  5*2  presents  the  pertinent  shot  data 
for  the  UPSHOT-KNOTHOLE  (Project  1.1b)  and  TUMBLER  (Shots  1  and  4)  tests 


TABLE  5.2  -  Shot  Data  of  TWffiLER  and  UPSHOT -KNOTHOLE 


... 

Shot 

Scaled 

Yield 

Height 

Location 

Height 

of 

Burst 

Buret 

(ft) 

(KT) 

(ft) 

n/K  -  Shot  10 

203 

14.9 

524 

FF 

0/K  -  Shot  11 

316 

60.8 

1334 

T-7-3 

TUMBLER  “  Shot  I 

363 

19.6 

1040 

i  T-7 

U/K  -  Shot  3  ! 

466 

0.20  1 

500 

*  T.7.5a 

TUMBLER  -  Shot  1 

747 

1.05  1 

1  793 

,  FF 

U/K  -  Shot  9 

764 

26 

;  2423 

FF 

U/K  -  Shot  4 

237O 

11.0 

6020 

!  T-7-3 

i_. 

5.2.1  Direct  Scaling 


Shot  9  of  UPSHOT- KNOTHOLE  was  planned  as  a  scaled  experiment  of 
TUMBLER  Shot  1.  Table  5*2  shows  that  although  the  yield  of  Shot  9  was 
about  25  times  larger  than  TUMBLER  Shot  1,  the  scaled  heights  of  burst 
of  the  two  shots  were  approximately  equal.  The  surface  level  A-scaled 
maximum  pressures  measured  on  these  two  shots  are  shown  in  Fig.  5»1; 
the  curve  is  drawn  through  the  U-K  Shot  9  points.  The  figure  indicates 
good  agreement  between  shots  except  in  the  region  of  the  inflection  in 
the  curve.  Since  these  inflections  give  rise  to  the  so-called  "knees" 
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PRESSURE  (PSD 


Fig.  5«1  A-Scaled  Maaimum  Air  Pressure,  Shot  9,  Compared  to  TUMBIER 

Shot  I,  Surface  Level 
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-SCALED  TIME  (SECONDS) 


A-SCALED  GROUND  RANGE  (X  1000  FT) 


Fig.  5*2  A-Scaled  Positive  Phase  Duration,  Shot  9^  Compared  to  TUMBLER 

Shot  1,  Surface  Level 
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-SCALED  IMPULSE 


A-SCALED  GROUND  RANGE  (X  1000  FT) 


Fig-  5-3  A-Scaled  Positive  Phase  Impulse,  Shot  9#  Compaced  to  TUMBLER 

Shot  1,  Surface  Level 
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of  the  height  of  hurst  chart,  it  can  be  seen  tnat  the  knee  might  be  de¬ 
pendent  upon  localized  thermal  and  other  effects  and  could  vary  in  mag¬ 
nitude  and  position  from  one  shot  to  another. 

The  surface  level  A-scaled  positive  phase  durations  and  impulses 
for  U-K  Shot  9  and  TUMBLER  Shot  1  are  shown  in  Figs.  5*2  and  5.3,  re¬ 
spectively.  In  each  case,  the  curve  is  drawn  through  the  U-K  Shot  9 
data  points.  There  is  fair  correlation  for  the  positive  durations  (Fig. 
5.2),  but  the  scatter  of  data  points  hampers  any  firm  conclusions.  The 
TUMBLER  points  at  about  1200  ft  A-scaled  ground  range  are  significeuatly 
low;  however,  reference  to  Fig.  5*1  indicates  a  high,  maximum  pressure 
at  this  ground  reuige.  These  two  opposite  effects  compensate  each  other 
when  impulse  is  meas\ired.  Figure  5.3  shows  quite  good  agreement  between 
the  two  scaled  shots  in  regard  to  surface  A-scaled  impulse. 

It  can  be  concluded,  therefore,  that  with  the  exception  of  minor 
differences,  the  surface  level  air  pressure  phenomenon  followed  conven¬ 
tional  scaling  laws  between  U-K  Shot  9  and  TUMBLER  Shot  1.  This  conclu¬ 
sion  is  further  substantiated  by  the  comparisons  of  other  factors  dis¬ 
cussed  in  Sections  5«^*1  aad  5 •^•2. 

5.2.2  UPSHOT-KNOTHOLE  Comparisons 

A  composite  graph  of  the  surface  level  A-scaled  maximum  air  pres¬ 
sure  vs  ground  range  for  all  shots  is  presented  in  Fig.  In  any 

such  family  of  curves  presenting  the  data  from  a  number  of  shots  at 
various  A-scaled  burst  heights,  certain  general  characteristics  might 
be  expected.  The  pressure  at  very  low  ground  ranges  should  be  highest 
for  the  lowest  burst  height  and  progressively  lower  as  the  burst  height 
is  increased.  At  very  large  ground  ranges  the  situation  should  be  re¬ 
versed,  the  pressure  being  highest  for  the  highest  burst  height.  In 
general,  each  curve  would  be  expected  to  cross  each  other  curve  only 
once,  at  a  ground  range  such  that  the  two  burst  heights  involved  would 
be  expected  to  produce  the  came  maximum  pressure.  Deviations  from  this 
general  behavior  might  be  caused  by  thermal  effects  or  by  variations 
in  terrain  and,  at  large  ground  ranges,  in  meteorology. 

The  curves  of  Fig.  5*^  follow  the  general  behavior  outlined  a- 
bove.  The  Shot  3  curve  appears  to  connect  well  with  that  of  Shot  9, 
which  indicates  that  the  terrain  (Frenchmsui  and  Yucca  Flat)  was  not  a 
significant  factor  in  the  air  pressure  measurements.  In  the  thermal 
region  (5OO-I5OO  ft  A-scaled  ground  range)  the  curves  for  Shots  10  and 
11  are  depressed.  This  effect  is  also  perceptible  on  Shot  S,  though 
not  prono’inced.  It  is  noteworthy  that  inflections  occu^  in  the  cui^ves 
of  Shots  9i  10>  9J[id  11  at  xbout  the  same  A-scaled  range  (lOOO  ft). 

A  coi5)Osite  graph  of  surface  level  A-sceiled  positive  phase  dura¬ 
tion  vs  ground  range  lor  all  shots  is  shown  in  Fig.  5* 3*  Since  the 
scaled  positive  phase  duration  in  general  varies  as  an  inverse  function 
of  the  peak  pressure,  the  general  remsirks  concerning  pressure  vs  ground 
range  could  be  expected  to  apply  inversely  to  this  figure.  Examination 
of  the  curves  shows  that  this  is  generally  true. 

A  composite  graph  of  surface  level  A-scaled  positive  impulse  vs 
groiind  range  for  all  shots  is  shown  in  Fig,  5*6.  These  curves  resemble 
generally  those  of  Fig.  5*^  but  the  effect  of  burst  height  is  not  so 
pronounced.  It  is  of  interest  to  note  that  tne  Inflections  observed  in 
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A-SCALEO  PRESSURE  (PSD 


A-SCALEO  GROUND  RANGE  (X  1000  FT) 

Kig.  5.^  A-Sc«led  Majcimutt  Air  Preseure,  All  Shots,  Surfooe  Level 
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-SCAL 


Fig.  5.5  A-Scaled  Positive  Phase  Duration,  All  Shots,  Surface  Level 
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-SCALED  IMPULSE  (PSI-SEC) 
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A-SCALEO  GROUND  RANGE  (X  1000  FT) 


Fig.  !?.6  A-Scaled  Positive  Phase  IjiQ)ulse,  All  bnots,  Surface  Level 
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the  pressure  vs  ground  range  curves  -e  not  present  in  these  impulse 
curves.  Moreover,  with  the  exception  of  the  highest  shot  (U-K  Shot  4), 
the  agreement  between  UPSHOT-KNOTHOLE  A-scaled  impulse  curves  for  A- 
scaled  burst  heights  less  than  1000  ft  seems  to  be  quite  favorable, 

5*2,3  Posi "ive  Duration  and  Impulse  vs  MEocimum  Air  Pressure  . 

An  attempt  was  made  in  the  TOMBLER  Project  1,2  report  to  derive 
an  empirical  relation  for  positive  phase  duration  and  impulse  as  a 
function  of  shock  pressure, 3/  Such  a  relation  implicitly  includes  ef¬ 
fects  uf  reflection  which  are  not  a  function  of  burst  height.  The  net 
result  is  a  function  that  is  considerably  less  sensitive  to  burst  height 
than  when  groimd  range  is  the  independent  variable. 

When  surface  level  A-scaled  positive  phase  duration  was  plotted 
against  A-scaled  maximum  pressure  for  the  TUMBLER  shots  (Shots  1,  2,  3, 
and  4),  it  was  found  that  a  single  curve  would  satisfy  the  data  to  the 
extent  that  less  than  20  per  cent  of  the  points  lay  outside  plus  or 
minus  10  per  cent  limits.  The  comparable  data  obtained  on  Project  1.1b 
of  UPSHOT-KNOTHOLE  are  shown  in  Fig.  5*7  where  separate  coordinates  are 
provided  for  each  shot.  The  data  shown  on  these  graphs  are  taken,  for 
each  shot,  directly  fron  the  tables  foxmd  in  Chapter  4  (surface  level 
gages ) . 

A  result  similar  to  that  displayed  in  Fig.  5*7  is  found  when  A- 
scaled  positive  impulse  is  plotted  against  maximum  air  pressure.  These 
graphs  for  positive  impulse  are  shown  for  each  shot  in  Fig,  5*Q* 

Figure  5*9  presents  a  composite  graph  of  all  the  positive  phase 
uoration  cui-ves  found  in  Fig.  5*7;  in  addition,  -^e  figure  shows  a  re¬ 
presentation  of  the  TUMBLER  empirical  relation. 2/  This  relation  takes 
the  form 


At*  =  0.42  (5.1) 

where  is  the  A-scaled  positive  duration  in  secs  and  Pm  is  the  A- 
sc  led  maximum  air  pressure  in  psi.  Looking  at  Fig.  5*9;  the  conclusion 
is  that  the  U-K  data  follow  the  TUMBLER  curve  out  to  A-scaled  maximum 
pressures  of  about  10  psi.  For  higher  pressures  the  U-K  ciirves  for 
Shots  10  and  11  slope  downward,  diverging  from  the  TUMBLER  curve.  -Phis 
pressure  region  corresponds  to  the  range  of  strong  thermal  effects  lor 
these  two  shots  and  the  empirical  relation  best  applicable  in  this 
region  is 


At*  =  0.50 


(5.2) 


The  composite  graph  of  all  the  surface  level  impulse  graphs  (Fig. 
5.8)  ip  shown  in  Fig.  5*10;  this  figure  also  shows  the  representation 
of  th'i  TUMBLER  (Shots  1,  2,  and  3)  empirical  relation.  This  relation 
can  be  written 


I. 


o.i6 


(5.3) 


where  is  the  A-scaled  positive  impulse  in  psi-secs  and  Pm  is  the  A- 
acaled  maximum  air  pressure  In  psi.  Figure  5 *10  indicates  that  the  U-K 
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Fig.  5*7  A-Scaled  Positive  Phase  Duration  vs  Maximua  Air  Pressure,  All 

Shots,  Surface  Level 
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-scaled  impulse  (PSI-SEC) 
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Fig.  5*9  A-Scaled  Positive  Phase  Duration  vs  Maximum  Air  Pressure, 
Composite,  All  Shots,  Compared  to  !I\JMBLER,  Surface  Level 


Fig.  5*10  A-Scaled  Positive  Phase  Impulse  vs  Maximum  Air  Pressure, 
Composite,  All  Shots,  Compared  to  TUMBLER,  Surface  Level 
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data  follow  TUMBLER  data  out  to  A-scaled  maximum  pressures  of  about  10 
psi.  For  higher  pressures,  similar  to  the  positive  durations  results, 
the  Shots  10  and  11  curves  exhibit  a  change  in  slope.  The  best  empiri¬ 
cal  rela-cion  for  this  thermal  region  is  given  by 

(5.4) 

An  interesting  sidelight  to  this  analysis  is  found  when  one  con¬ 
siders  the  possible  invariance  of  pressure  wave  shape  as  a  function  of 
maximum  air  pressure.  It  is  well  known  that  the  theoretical  equation 
giving  pressure  throughout  the  positive  phase  of  a  classic  shock  wave 
can  be  written 


P  (t)  =  (1  .  ^  ,  (5.5) 

where  P  (t)  is  the  pressure  at  time  t.  Integrating,  one  can  obtain  the 
classic  i)ositive  iinpulse  as 

1+  =  i  Pm  •  =  0*37  Pj,  •  At+  .  (5.6) 

e 

The  data  from  TUMBLER  and  U-K,  as  expressed  by  Equations  5*1  and  5*3> 
yield  the  following  positive  impulse  relation: 

I4  =  0.38  .  (5.7) 

This  empirical  relation  compares  favorably  with  the  theoretical  equa¬ 
tion,  (5 ‘6),  indicating  that  the  pressure  wave  shape  is  invarieint  for 
maximum  pressures  to  10  psi.  However,  in  the  regions  of  higher  pres- 
sxire  (and  thermal  effects)  Equation  5*^  is  not  valid,  conf inning  the 
observed  fact  that  thermal  effects  disturb  the  shape  of  the  pressure 
wave. 

5.2.4  Free  Air  Pressures  and  Altitude  Corrections 


Free  air  pressures  were  measured  on  Shots  4  and  9  where  above¬ 
ground  gages  were  in  the  regulsir  reflection  region.  The  A-scaled  pres¬ 
sure  values  for  these  shots  are  plotted  vs  A-scaled  slant  range  in  Fig. 
5.11.  The  curve  shown  in  this  figure  is  the  AFSWP  free  air  curve  which 
appears  in  the  TUMBLER  Summary  Report.!/  Also  plotted  in  Fig.  5. 11  is 
the  UPSHOT- KNOTHOLE  Project  I.3  (AF(^C)  Shot  9  ^ree  air  pressure  data 
obtained  from  airborne  canisters. i2/  The  Shot  4  canister  measurements 
were  taken  at  A-scailed  ranges  beyond  the  limits  of  Fig.  5*11  and  are 
therefore  not  included  in  the  figure.  Referring  to  the  figure,  it  ap¬ 
pears  that  the  SRI  Shot  9  data  fit  the  AFSWP  curve  quite  well;  however, 
the  SRI  Shot  4  and  AFCRC  Shot  9  <iata  seem  to  fall  consistently  lower 
than  the  composite  curve. 

For  clarification,  it  should  be  mertioned  that  for  free  air  pres- 
sui-es  below  2  psi  the  composite  curve  is  based  upon  only  fragmentary 
data;  therefore,  disagreement  in  this  pressure  region  is  not  surprising 
or  very  significant.  Moreover,  it  becomes  necessary  to  perform  different 
altitude  correction  procedures  if  pressure  measurements  are  taken  at 
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Fig.  5.11  A-Scaled  Incident  Air  Pressure  vs  Slant  Range,  Shots  4  and  9, 
Conpared  to  ATSWP  Free  Air  Curve 
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altitudes  greater  than  or  comparable  with  burst  height  (AFCRC)  as  op¬ 
posed  to  measurements  taken  near  the  gro\md  surface  (SRi). 

In  this  regard  it  would  be  well  to  consider,  in  addition,  the 
question  of  the  altitude  correction  procedures,  particularly  for  a  very 
high  burst  hei^^ht  uctuuatiun.  xne  correction  used  to  normalize  infor¬ 
mation  from  all  tests  to  a  common  set  of  temperature  and  pressure  con¬ 
ditions  has  led  to  considerable  confusion.  The  problem  involves  the 
decision  as  to  whether  the  burst  height  or  the  gage  height  conditions 
should  be  used  in  the  transformation.  If  the  combined  Fuchs  and  Sachs 
corrections  are  used,iiiizli2/no  confusion  need  arise  when  free  air 
(incident)  pressures  in  a  uniform  atmosphere  are  desired,  for  the  cor¬ 
rections  were  devised  for  these  conditions. 

Figure  5*12  indicates  the  scheme  for  the  combined  corrections; 
the  pressures  are  all  incident  (free  air).  If  is  measued  at  R^,  then 
the  Fuchs  corrections  transfer  the  measurements  to  eui  infinite  uniform 
atmosphere  possessing  burst  height  ambient  conditions.  The  Sachs  cor¬ 
rection  then  ransforms  this  incident  pressure  to  reference  vadues  (in¬ 
finite  uniform  atmosphere  at  sea  level).  The  corrections  are  discussed 
in  detail  in  the  TUMBLER  Project  1.2  report.^ 

In  this  report  the  conventional  procedure  employed  in  TM  23-200, 
Capabilities  of  Atomic  WeaponsjO/is  followed:  that  is,  only  the  Sachs 
correction  from  burst  height  conditions  is  applied  to  reduce  the  data. 
However,  the  AFCRC  Project  1.3  data  are  corrected  to  sea  level  condi¬ 
tions  using  the  combined  Fuchs-Sachs  factors.  In  this  section  the 
Fuchs  factors  for  Shot  ^  are  calculated,  realizing  that  for  this  very 
high  burst  height  one  can  expect  to  find  significant  differences  be¬ 
tween  the  various  correction  factors.  Also,  there  is  the  question  a.s 
to  whether  the  burst  height  or  gage  height  aunbient  pressure  is  the  best 
to  use  in  a  single  Sachs-type  correction.  Accordingly,  Shot  4  has  been 
used  as  an  example  to  indicate  the  magnitude  of  the  differences  likely 
to  occur. 

The  ambient  conditions  for  Shot  4  are  found  in  Table  3.1.  Using 
these  data,  the  correction  factors  of  Table  5»3  are  computed.  For  the 
Fuchs  correction  a  linear  interpolation  between  gage  and  burst  heights 
is  assumed.  The  results  may  be  expressed  in  terras  of  the  factors  by 
multiplying  the  incident  pressure  Pj^  measured  at  slant  range  (see 
Fig.  5*12)  to  obtain  the  sea  level  veQues  P2  and  R2. 


TABLE  5.3  -  Altitude  Correction  Factors  for  Shot  4 


1 

j  Presaure 

Distance 

Fuchfl  -  Sacha 

I  1.588 

0.332  ! 

Sacha  (Burst  Height) 

1 

'  1.477 

1 

1 

0.394  ; 

Sacha  (Gage  Height) 

! 

!  1.177 

i  i 

1  0.425 

i  4 
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Fig.  5*12  Schematic  Diagram  of  Levels  and  Radii  for  Altitude  Correction 
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To  indicate  the  effects  graphically,  the  free  air  (incident)  pres¬ 
sure  vs  slant  range  curve  was  first  obtained  by  fitting  the  Kirkwood- 
Brinkley  TNT  curve^l/to  the  experimental  data.  The  fit  was  fair  for  a 
4.4  KT  TNT  burst.  The  conversion  factors  of  Table  5*3  were  applied  to 
the  4.4  KT  curve  and  the  transformed  curves  are  plotted  in  Fig.  5.13. 

The  labels  nn  the  figure  indicate  that  the  Fiiohs-Saphs  and  Sarhp 
(gage  height)  altitude  corrections  led  to  approximately  the  same  result, 
whereas  the  Sachs  (burst  height)  corrections  give  pressure  values  which 
eire  higher  by  about  15  per  cent  at  1  psi  (A-scaled).  The  TUMBLER  Shot 
3  (height  of  burst  at  344?  ft)  altitude  corrections  gave  similar  results 
in  this  pressure  range. 3/  Thus,  referring  back  to  Fig.  5*11;  it  can  be 
concluded  that  the  typ«^  of  altitude  correction  chosen  (Sachs  burst  height) 
produced  higher  pressures  in  this  region  than  would  be  computed  if  either 
of  the  other  two  corrections  (Fuchs-Sachs  or  Sachs  gage  height)  had 
been  used.  If  either  of  the  other  two  altitude  corrections  had  been 
applied  to  the  SRI  data,  the  deviation  from  the  AFSWP  composite  curve 
woxlLd  have  been  more  pronounced.  In  fact,  using  the  Fuchs-Sachs  cor¬ 
rection,  which  was  also  used  by  AFCRC,  the  SRI  data  points  below  2  psi 
fall  consistently  below  the  AFCRC  data  points. 

5.3  REGUIAR  REFLECTION 


Investigation  of  the  phenomenon  of  ground  surface  regular  reflec¬ 
tion  of  the  air  pressure  wave  from  a  nuclear  explosion  was  presented  in 
some  detail  in  the  TUMBLER  report  on  Project  1.2.^  Using  the  same 
general  methods  of  analysis,  it  is  possible  to  compute  the  reflecting 
ability  of  the  earth  on  the  UPSHOT-KNOTHOLE  shots  upon  which  incident 
air  pressures  were  recorded,  i.e..  Shots  4  and  9* 

Table  5*4  presents  the  experimental  and  calculated  reflected 
pressures  at  the  ground  surface  for  Shot  4.  An  approximation  of  the 
surface  level  incident  pressure  at  each  station  is  taken  as  the  average 
of  the  direct  incident  pressure  (P^)  eind  the  decayed  incident  pressure 
(Pi2)  recorded  on  the  10  ft  level  gage.  The  "measured"  reflection  fac¬ 
tor  (  )  of  Table  5*4  is  calculated  by  dividing  the  surface  level  maxi¬ 

mum  pressure  by  the  surface  level  incident  pressure  referred  to  above. 

In  addition,  knowing  the  incident  air  pressure,  it  is  possible  from 
reguleir  reflection  theory  to  compute  a  "csdculated"  reflection  factor 
(also  found  in  Table  5*4)  at  each  gage  station.  A  major  difficulty  is 
that  no  theory  exists  that  deals  with  the  regular  reflection  of  decaying 
shocks.  Calculations  here  are  based  on  the  standard  ansilysis  for  the 
reflection  of  uniform  plane  shocks  from  a  perfectly  reflecting  plane 
surfacefS/when  the  medium  ahead  of  the  shock  is  originally  uniform. 

Both  the  measured  and  theoretical  reflection  pressures  of  Table  5*4 
are  plotted  in  Fig.  5 *14. 

A  similar  procedure  for  analysis  was  applied  to  the  data  from 
Shot  9  aJid  the  results  for  the  surface  level  gages  may  be  found  in 
Table  5* 5*  The  experimental  and  theoretical  reflected  pressures  are 
shown  graphically  in  Fig.  5«15« 

These  figures  indicate  that  for  Shot  4  there  is  good  agreement 
between  the  measured  and  computed  values  of  maximum  reflected  pressure; 
however,  the  Shot  9  results  show  that  the  calculated  pressures  are 
higher  than  the  measurements  in  the  vicinity  of  2000  ft  ground  range. 
This  difference  might  be  ascribed  to  a  combination  of  thennal  effects 
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TABUS  5.4  -  Reflection  Factor,  Shot  4,  Surface  Level 
Pj,  *  12.5  pal 


Sta. 

Grnd. 

e 

P.* 

P, 

_ , 

No. 

Range 

Measured 

Calc. 

Measured 

Calc. 

(ft) 

(degrees) 

(psl) 

(psi) 

(psl) 

(psi) 

(psi) 

610 

5.75 

1.04 

2.U 

^^9 

1346 

12.6 

1.29 

2.70 

mmm 

281 

2292 

20.9 

1.05 

2.45 

2.17 

2.1 

204 

3271 

28.5 

0.96 

wBcm 

2.1 

282 

4259 

35.3 

0.81 

1.57 

1.67 

1.9 

283 

5252 

41.0 

0.79 

1.66 

1.62 

2.1 

mmm 

208 

6247 

46.0 

0.72 

1.35 

1U9 

1.9 

ESI 

284 

7243 

50.3 

0.60 

1.13 

1.24 

1.9 

m%m 

285 

8241 

53.9 

0.41 

1.05 

0.82 

2.5 

286 

9738 

58.2 

0.43 

0.89 

0.88 

2.1 

287 

11235 

61.9 

0.37 

0.86 

0.79 

2.3 

288  1 

i  13233  1 

65.5 

0.36 

0.79 

0.74 

2.2 

-  Extrapolated 


TABLE  5e5  -  Reflection  Factor,  Shot  9,  Surface  Level 
Pp  =  13.05  pal 


sta. 

Grnd 

e 

• 

Pi 

Pr 

No. 

Range 

Measured 

Calo. 

Measured 

Calc. 

(ft) 

(degrees) 

(psi) 

(pal) 

(psl) 

(psl) 

(psl) 

214  ; 

837 

19 

8.0 

19.7 

19.5 

2.5 

2.4 

1  215 

1  967 

1  22 

7.2 

NR 

17.1 

NR 

2.4 

I  216 

i  1293 

28 

6.8 

15.5 

16.1 

2.2 

2.4 

!  217 

1  1705 

1  35 

6.1 

.12.1 

U.3 

1.9 

2.3 

1  200 

:  2154 

1  42 

5.4 

10.7 

12.8 

I  1.9 

2.4 

1  202 

2622 

47 

1 _  -  - 

4.2  1  9.6 

10.2 

2.3 

2.4 

•  -  Extrapolated 
NR  -  No  record 


U3 

SECRET- RESTRICTED  DATA 


GROUND  RANGE  (X  1000  FT) 

Fig.  5.14  Theoretical  and  Measured.  Reilected  Air  Pressure,  Shot  4, 

Surface  Level 
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(which  decrease  with  increasing  ground  range  due  to  the  inverse-square 
and  cosine  laws)  and  the  time  of  arrival  of  the  shock  wave.  If  this 
were  the  case,  then  gage  records  at  close-in  stations  (very  early  shock 
arrivals)  shoxild  be  relatively  ideal,  while  at  intermediate  ranges  (17OO- 
2200  ft)  there  should  be  a  degradation  of  the  shock  with  a  subsequent 
return  to  ideal  form  at  greater  distances  (small  thermal  effects).  This 
general  behavior  is  noted  in  the  U-K  Shot  9  surface  level  pressure-time 
records  of  Fig.  4.7,  where  the  GB  record  (ground  range  2147  ft)  shows 
evidence  of  degradation.  Comparisons  between  U-K  Shot  4  and  U-K  Shot  9 
reflection  resiilts  are  hampered  by  two  facts;  first,  the  pressure  mag¬ 
nitudes  are  quite  different,  and  second,  the  shots  were  detonated  at 
locations  possessing  different  ground  surface  conditions. 

Efforts  on  TUMBLER3/to  determine  the  effects  of  terra:'.n  upon  air 
pressure  phenomena  did  not  lead  to  any  firm  conclusions.  However,  the 
regular  reflection  data  indicated  that  the  Frenchman  Flat  and  Yucca  Flat 
areas  present  similar  reflecting  surfaces. 

5.4  MACH  REFLECTION 


Of  the  five  shots  of  Project  1.1b,  Shot  3  neasxirements  were  en¬ 
tirely  in  the  Mach  region.  Shot  4  showed  only  regulajr  reflections,  and 
the  onset  of  Mach  reflection  on  Shots  10  and  11  was  obscured  by  thermal 
effects.  Thus,  all  the  useful  information  on  Mach  reflection  is  con¬ 
fined  to  Shot  9. 

5.4.1  Triple  Point  Trajectory 

One  of  the  purposes  of  the  xaultiple  gage  instsillations  at  several 
heights  on  Shot  9  vas  to  obtain  definitive  data  on  the  location  of  the 
Mach  triple  point  at  various  ground  ranges.  The  data  required  are  the 
time  intervals  (  htir)  between  the  arrival  of  incident  and  reflected 
shocks  as  functions  of  both  ground  range  end  gage  height.  The  method 
of  analysis  depends  upon  the  assumption  that,  within  the  vertical  ex¬ 
tent  of  the  gages,  the  Mach  Y  consists  of  plane  wave  fronts  and  that 
this  configuration  moves  parallel  to  the  ground  without  change  of  form. 

Figure  5.16  shows  a  plot  of  A  t^^.  for  each  gage  level  plotted 
against  ground  range.  In  each  case,  except  the  30  :rt  level,  a  final 
gage  is  included  whose  Atj^j.  is  zero.  The  resultant  curves  sxe  extrapo¬ 
lated  to  zero  At^j..  The  intercept  of  these  extrapolations  with  nt^j. 
s  0  is  taken  as  the  ground  range  at  which  the  triple  point  reached  the 
respective  levels.  It  is  evident  that  a  peculiar  inflection  occurs  in 
each  of  these  curves  at  a  ground  range  of  approximately  2500  ft;  the 
inflection  is  most  pronounced  at  the  10  ft  level. 

Another  means  of  using  the  data  is  shown  in  Fig.  5 •17*  Here  the 
Atj^j.  values  are  plotted  against  height  for  each  gage  station  and  the 
curves  aire  extrapolated  to  zero  Atjj^j..  These  zero  intercepts  indicate 
the  height  of  the  triple  point  at  each  gage  station.  The  data  from 
Figs.  5*16  and  5.17  are  tabulated  in  Table  5*6  ar.d  plotted  in  Fig.  5*13. 
This  curve  shows  the  Mach  triple  point  location  as  it  varied  with  ground 
range.  At  the  shortest  ground  ranges  where  measurements  were  taken 
(800-900  ft),  the  apparent  triple  point  height,  or  reflecting  plane, 
was  2  or  3  Thla  stem  height  remained  constant  to  about  2  500  ft, 
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where  it  rose  abruptly  to  8  or  9  ft.  The  figure  shows  that  at  a  ground 
range  of  about  4750  ft  the  Mach  stem  is  50  ft  high  and  rising  rapidly. 


TABLE  5.6  Mach  Triple  Point  Height,  Shot  9 


As -Read 

A- Scaled 

Grnd. 

Height 

Grnd. 

Height 

Range 

Range 

(ft) 

(ft) 

(ft) 

(ft) 

From  Atj^^  vs  Ground  Range 

2850 

10 

895 

3*14 

4280 

30 

9.42 

4560 

4o 

1432 

12.56 

4740 

50 

1488 

1 

15*70  1 

1 

From  Atj^j,  vs  Height  | 

837 

1-5 

265  0.47 

967 

3*3 

306 

1.04 

1293 

2.9 

1  409 

0.91  1 

1705 

4.3  1 

539 

1.35 

2154 

9.3 

681 

2.92  1 

2622 

7*5 

829 

2.36 

4072 

25.5 

1288 

8.01 

I 

The  curve  of  Fig.  5»lQ  plotted  to  A-scaled  coordinates  is  shown 
in  Fig.  5 •19*  It  is  interesting  to  compare  the  results  shown  on  the 
latter  figure  with  the  theoretical  cur\^e  for  Mach  stem  formation.  This 
is  done  in  Fig.  5-20.  The  point  for  Shot  9  at  about  200  ft  ground  range 
corresponds  to  the  A-scaled  ground  range  at  which,  on  Fig.  5*20,  Mach 
reflection  appears  to  begin  (the  closest  gage  station  to  ground  zero). 
However,  the  theoretical  curve  indicates  that  for  the  Shot  9  burst  height 
Mach  reflection  should  begin  at  about  750  ft  A-scaled  ground  range.  Re¬ 
ferring  to  Fig.  5*19  again,  it  appears  that  the  large  hump  in  the  curve 
occurs  at  about  700  ft  A-scaled  ground  range.  This  evidence  seems  to 
support  the  type  of  reasoning  developed  in  Section  1.3*2  of  this  report 
in  which  the  concept  of  thermal -Mach  reflection  predominates  out  to  an 
A-scalea  range  of  about  500  ft,  after  which  "true"  irregular  reflection 
begins  to  influence  the  triple  point  trajectory. 

The  Mach  triple  point  behavior  indicates  two  interfaces,  one  at 
about  2  or  3  ff  and  tiie  other  at  8  or  9  ft #  where  refraction  and  re¬ 
flection  occur.  Such  an  hypothesis  would  explain  the  two  levels  of  the 
triple  point,  the  critical  angle  for  the  lower  interface  being  greater 
tha.!  for  the  upper  interface.  The  presence  of  such  thermal  layers  would 
cause  a  rudimentary  precursor  wave  (see  Section  5*4.2),  and  the  varia¬ 
tion  with  angle  of  incidence  of  division  of  energy  oetween  reflected 
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Fig.  5*17  Duration  of  Incident  Air  Pressure  vs  Height,  Shot  9 
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Fig,  5*18  As-Read  Triple  Point  Trajectory,  Sliot  9 
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Fig.  5.19  A-Scaled  Triple  Point  Trajectory,  Shot  9, 

Compared  to  TUMBLER  Shot  1 
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and  refracted  waves  would  explain  the  inflections  in  the  pressure-dis¬ 
tance  curves. 

TUMBLER  Shot  1  A-scaled  Mach  stem  data  are  shown  in  Fig.  5*19* 
These  data  indicate  a  behavior  similar  to  that  observed  on  Shot  9; 
hump  occurs  at  an  A-scaled  ground  range  of  about  600  ft.  The  ground 
range  at  which  thermal -Mach  reflection  began  on  TUMBLER  Shot  1  is  shown 
on  Fig.  5*20  and  this  point  agrees  well  with  the  Shot  9  point  on  the 
same  figure.  This  scaling  between  the  two  shots  is  confirmed  in  this 
respect.  (See  Section  5»2.l).  In  Fig.  5.20,  the  point  for  TUMBLER 
Shots  2  and  3  corresponds  more  closely  with  the  theoretical  curve,  as 
might  be  expected  from  the  greater  burst  height. 

5,4.2  Wave  Front  Orientation 

In  order  to  follow  more  closely  the  behavior  of  the  Mach  reflec¬ 
tion,  studies  were  made  of  the  times  of  arrival  of  the  incident,  reflect¬ 
ed,  anj.  Mach  fronts  at  the  various  stations.  The  calculations  can  be 
described  as  follows: 

1.  The  as -read  arrival  times  are  corrected  for  differences  in 
location  of  surface  and  aboveground  gages  using  the  horizontal  trace 
velocity  at  each  gage  station. 

2.  Using  the  corrected  arrival  times  and  the  arrival  at  the  sur¬ 
face  gage  as  the  station  reference  time,  the  nt  for  each  level  is  de¬ 
termined. 

3.  The  At  values  for  each  level  are  multiplied  by  the  hurizon- 
tal  velocity  to  get  AR. 

The  results  of  these  calculations  for  Shot  9  are  shown  in  Table 
5.7  plotted  in  Figs.  5*21  and  5*22.  The  dashed  lines  indicate  the 
geometric  incident  angle  to  the  shot  source  at  each  station;  however, 
the  position  of  the  dashed  line  is  not  meant  to  imply  that  the  position 
of  the  free  air  incident  shock  is  known  at  these  times.  A  fairly  com¬ 
plete  picture  of  the  wave  front  configurations  at  the  various  gage  sta¬ 
tions  can  be  seen  from  these  figures.  The  measured  incident  and  reflect¬ 
ed  wave  euagles  correspond  closely  with  the  geometric  orientations.  The 
slight  deviations  in  angle  at  the  close-in  stations  (2l4  and  215)  of 
Fig.  5*21  can  be  attributed  to  a  thermal  layer  producing  refraction 
which  results  in  curvilinear  wave  treinsmission.  This  figure  snows  that 
the  Mach  stem  exhibits  a  change  in  orientation  in  the  region  of  1293  ft 
(station  2l6)  to  2622  ft  (Station  202).  This  corresponds  to  the  region 
in  which  the  large  hump  in  the  stem  height  curve  is  observed  (Fig.  5*18) • 
In  the  first  part  of  this  region  the  lower  part  of  the  stem  seems  to 
travel  faster  than  the  upper,  while  between  Stations  200  and  202  the 
upper  part  catches  up  to  give  a  vertical  stem  orientation.  It  is  in¬ 
teresting  to  note  that  the  wave  front  configurations  at  Stations  217  and 
200  are  very  similar  to  those  to  be  expected  in  the  early  stages  of  the 
formation  of  a  precursor.  Somewhat  similar  variations  in  the  shape  eind 
position  of  the  Mach  stem  Y  are  observed  after  the  formation  of  the  Mach 
stem  is  well  developed,  at  Stations  206  and  209,  Fig.  5*22. 
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TABU;  5.7  -  Wave  Front  Orientation,  Shot  9 


Sth. 

No, 

Grnd  • 
Range 
(ft) 

Horiz, 

Velocity 

(fps) 

Arr.Time 
O'  Level 
(sec ) 

Hr-ight 

l^(0'lf 

kj 

AR 

Incident 

(ms) 

Reflected 

(ms) 

Incident 

(rt) 

Reriec6^ 

(ft) 

2U 

837 

3700 

1.1016 

5.6 

21 

-2/, 

18.1 

67 

-87 

31.1 

115 

-150 

215 

967 

3300 

10 

5.1 

-  5.9 

17 

-20 

■■i 

30 

18.1 

-24.4 

60 

-81 

50 

31.1 

-40.9 

103 

-135 

216 

1293 

2800 

1.2413 

10 

3.7 

10 

-18 

30 

17.8 

50 

-58 

50 

29.8 

EB9B 

83 

-104  . 

2350 

1.4038 

10 

1.4 

-  5.1 

3 

-12 

30 

13.8 

-18.1 

32 

-43 

50 

25.8 

-32.2 

60 

-76 

200 

2154 

2000 

10 

-2. 

-  3. 

-4 

HBH 

30 

10, 

-13.5 

20 

50 

20. 

-26.5 

40 

HH 

202 

2622 

1750 

1.8759 

10 

0.9 

2 

-  3 

30 

11.9 

21 

-18 

50 

21.9 

BuSBi 

38 

-33 

204 

3100 

1^00 

2.1687 

WBM 

0.2 

«« 

0.3 

MM 

8.7 

-  6.8 

14 

-11 

U.2 

-  8.8 

23 

-U 

50 

NR 

NR 

NR 

NR 

206 

3584 

1500 

2.4847 

10 

-5.3 

«« 

-3.5 

«« 

30 

5.7 

-  5.3 

9 

-  8 

40 

9.7 

-  7.8 

15 

-12 

50 

14.2 

-  9.8 

21 

-15 

208 

4072 

UOO 

2.8244 

10 

-0.1 

«« 

-0.1 

«« 

30 

3.4 

-  0.6 

4.8 

-  0.8 

40 

6.9 

-  2.1 

9.7 

-  2.9 

50 

9.9 

-  5.6 

13.9 

-  7.8 

209 

4562 

1370 

3.1782 

WSSM 

-1.8 

«« 

-2.5 

«« 

0.2 

ft* 

0.3 

ft* 

3.7 

-  0.8 

5.1 

-  1.1 

210 

5055 

1310 

3.5463 

1.7 

«« 

50 

1  1.8 

2.4 

«« 

285 

6539 

1270 

10 

«« 

«« 

NR  -  No  record 
•  -  Ectlmated  value 
**  -  Mach  stein  region 


153 

SECRET- RESTRICTED  DATA 


t- - 1 - 1 - I - * - + 

700  750  800  850  900  950  1000 


Fig.  5.21  Wave  Front  Orientation,  Stations  214-202,  Shot  ^ 
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STATION  204 
GR=  3100  FT 
t  =2.1687  SEC 


STATION  206 
GR=3584  FT 
t  =  2.4847  SEC 


STATION  208 
GR=4072  FT 
t  =  2.8244  SEC 


STATION  209 
GR=4562  FT 
t=  3.1782  SEC 


STATION  210 
GR=5055  FT 
t=  3.5463  SEC 


STATION  285 
3R=6539  FT 
t=  4.7006  SEC 


4050  4100 


6500  6550  6600 

GROUND  RANGE  (FT) 


if  200 
1  2000’ 


202 

2500' 


if  204 
1  5000 


206 

3500' 


A  208 

1  4000' 


A  209 
1  4  500' 


A  210 

1  5000' 


A  285 

6500' 


Wave  Front  Orientation,  Stations  204-205,  Shot  9 
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TABLE  5«S  -  VaT«  Front  Orientation,  Shot  10 


Sta. 

No. 

Grnd. 

Range 

(ft) 

First  Arrival 
0*  Level 

(sec; 

Height 

Precursor 

Main  Wave 

Horiz. 

Velocity 

(fps) 

At 

(ms) 

Horiz. 

Velocity 

(fps) 

At 

(ms) 

&R 

(ft) 

216 

925 

0.1926 

0 

3800 

0 

0 

2900 

-59.4 

-172 

10 

-  2.2 

-  8 

CB 

CB 

lOA 

-  3.2 

-  12 

CB 

CB 

50 

-  14.4 

-  55 

,-47.9® 

-139® 

-  13.9 

-  53 

217 

0.3518 

0 

2400 

0 

0 

nn 

10 

-  7.5 

-  18 

30 

-  14.7 

-  35 

Irregular  Wave 

50 

-  23.7 

form 

■a 

Hn 

El 

mmm 

-189^ 

■■ 

-288^ 

200 

1919 

0.5966 

0 

1650 

0 

0 

10 

-  8.4 

-  U 

Irregular  Wave 

30 

-  20.9 

form 

50 

-  33.9 

_ 

202 

2418 

0.9748 

■EB 

HI 

0 

-66.8 

-icr7 

-  5 

■■ 

-67.2 

-108 

mm 

mm 

-  10 

-60.2 

-  96 

204 

2917 

1.367 

0 

U30 

0.0 

0 

■SI 

0.0 

0 

El 

0.0 

0 

0.0 

0 

206 

3417 

1.7U 

0 

1320 

0.0 

0 

30 

0.0 

0 

40 

0.0 

0 

50 

0.0 

0 

208 

3917 

2.1305 

0 

1250 

0.0 

0 

10 

0.0 

0 

30 

0.0 

0 

40 

0.0 

0 

50 

-  1.0 

-  1.3 

209  i 

4416 

3,525 

0 

0.0 

0 

10 

mmm 

-  1.0 

50 

-  1.5 

21C 

14^ 

0 

1200 

mH 

-  1.0 

285 

ai6 

4.1725’ 

10 

1190 

0.0 

0 

-.-31. 

-  0.5 

-  0.6 

a  -  Values  for  incident  wave,  Reflected  wave*  At  =  -69.4  fas,  AR  *  -201  ft 
•  -  Fstinated  value 
b  -  Secondary  precursor  shock 
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O  O  O  O  rH  OrH  rHto  .H  O  O 


STATION  204 
GR=  2917  FT 
t  *1.367  SEC 


STATION  206 
GR*34I7  FT 
t«l.744  SEC 


STATION  208 
GR  =  3917  FT 
1*2.1305  SEC 


STATION  209 
GR*  4416  FT 
1*2.525  SEC 


STATION  210 
GR*49I6  FT 
t  =2.927  SEC 


STATION  285 
GR*64I6  FT 
1*4.1725  SEC 


Pig.  5.23 


6.74  PSI 
7.50  PSI 

6.41  PSI 


-50 


30 


10 


4.72  PSI 

4.73  PSI 
3^0~ 


10 


3950 


1.65  PSI 


Tsoe 


|-30x 

o 

UJ 
X 


1.05  PSI  -^10 


6400  6450 

GROUND  RANGE  (FT) 


N- 


-214 

0’ 


215 


2900 

5.18  PSI  -<| 

|“50 

2950 

500 

5.35  PSI  ' 

216  < 

5.13  PSI  - 

-30 

1000' 

4.99  PSI 

■  10 

217  < 

1500’ 

3^00 

5.02  PSI  i 

■50 

1 

3450 

200  < 

4.53  PSI  1 

2000' 

4.64  PSi 

>-30 

2500’ 


204 

3000' 


206  4 
3500' 


208 

4000' 


209 
4500* 

210 
5000’ 


86' 

>^139' 


285  ^ 

6500' 


Wave  Front  Orientation,  Mach  Stem  Region,  Shot  10 
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It  has  been  observed  in  preceding  sections  of  this  report  that, 
on  Shot  9;  certain  inflections  are  apparent  in  the  curves  of  pressure 
and  Mach  triple  point  height .  The  wave  front  orientation  studies  show 
incipient  precursors,  and  the  pres sure -time  wave  forms  (Fig.  4.7)  show 
some  distortion  in  this  region.  Similar  inflections  are  to  be  seen  on 
the  data  curves  from  TUMBLER  Shot  1.  These  observations,  taken  in  toted, 
lead  to  the  conclusion  that  thermal  effects  were  present  on  these  shots, 
probably  in  the  form  of  a  heated  layer  very  near  the  ground  surface. 

For  compeirison,  similar  calculations  of  wave  front  orientation 
made  for  Shot  10  are  shown  in  Table  ^>.8  and  the  results  for  the  non- 
precursor  region  are  plotted  in  Fig.  Here  the  Mach  stem  is  es¬ 

sentially  vertical  at  all  stations. 

5 . 5  PRECURSOR  PHENOMENA 


Some  of  the  data  obtained  by  this  project,  particularly  from 
Shots  10  and  11 .  will  be  useful  in  supplementing  the  existing  knowledge 
of  precursor  phenomena.  From  the  air  pressure  time  of  arrival  data  on 
Shot  10,  it  is  possible  to  obtain  wave  front  orientations  in  the  region 
of  the  precursor.  The  air  pressure  vs  time  records  obtained  on  Shots  10 
and  11  yield  some  valuable  data  on  the  general  characteristics  of  the 
precursor  wave  and  how  this  disturbance  affects  the  main  air  blast  wave. 
In  addition,  these  UPSHOT-KNOTHOIE  precursor  records  can  be  compared 
with  those  obtained  from  TUMBLER.  Finally,  on  the  basis  of  a  measure¬ 
ment  on  Shot  11,  the  dynamic  pressure  as  affected  by  a  precursux  Vdve 
will  be  discussed. 

Wave  Front  Orien cation 


Wave  front  orientations  were  found  for  the  precursor  wave  of  Shot 
10  in  a  manner  similar  to  that  described  in  Section  5.4.2  of  this  report. 
The  results  of  these  calculations  are  tabulated  in  Table  5.Q  ahd  shown 
in  Fig.  5-24.  The  figure  illustrates,  at  each  gage  station,  the  wave 
front  orientation  of  the  precursor  wave. 

Wave  front  orientations  corresponding  to  the  three  stations  clos¬ 
est  to  ground  zero,  F-2l6  (925  ft),  F-217  (l421  ft),  and  F-200  (1919  ft), 
make  the  same  etngle  with  the  ground  surface.  Referring  to  Section  1.3. 2 
and  Fig.  I.3  of  this  report,  it  is  noted  that  this  angle  corresponds  to 
a^,  the  critical  angle  for  precursor  formation.  Measurement  of  the 
angle  of  the  wave  fronts  yields  a  value  of  about  4o  degrees  with  respect 
to  the  ground  surface,  a  value  which  agrees  well  with  that  obtained 
frnm  NOT,  shock  photography  data. §3/  This  result  would  indicate  that  the 
precursor  wave  on  Shot  10  (burst  height  524  ft)  formed  at  about  440  ft 
ground  range.  This  value  is  not  inconsistent  with  observation,  since 
the  Station  F-215  (430  ft  ground  range)  air  pressure  record  (see  Fig. 

4.9)  exhibits  a  precursor  pressure  which  precedes  tne  main  shock  pres¬ 
sure  wave  by  only  5  msec. 

By  the  time  the  precursor  wave  arrived  at  Station  F-202  (24l8  ft 
ground  range),  a  significant  change  in  the  wave  front  orientation  had 
occurred.  This  is  the  last  station  at  which  a  precursor  was  observed 
on  Shot  10  and  the  orientation  shows  that  the  upper  portions  of  the 
front  were  "catching  up"  with  those  near  the  ground,  indicating  that 
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the  so-called  thermal  layer  had  almost  if  not  entirely  disappeared  at 
this  radius. 

Figure  shows  the  comparison  of  precursor  wave  front  orienta¬ 

tions  from  TUMBLER  Shot  4  and  U-K  Shot  10  (at  A-scaled  ground  ranges). 

The  orientations  in  the  vicinity  of  350  ft  (A-scaled)  range  show 
that  the  TUMBLER  wave  front  makes  a  smaller  included  angle  with  the 
ground  surface  than  does  the  Shot  10  precursor  front.  This  result  can 
be  explained  by  either  concluding  that  the  precursor  wave  formed  at  a 
smaller  A-scaled  ground  range  on  U-K  Snot  10  or  ascribing  the  difference 
in  orientation  angle  to  a  more  sevtx  j  temperature  gradient  on  TUMBLER 
Shot  4.  Since  the  former  explanation  is  contradicted  by  other  analyses, 2/ 
the  temperature  argiiment  seems  more  plausible.  Again  referring  to  Fig. 
5.25,  the  precursor  wave  front  orientations  for  the  two  shots  are  similar 
in  the  i?00  ft  (A-scaled)  range;  however,  near  730  ft,  the  indication  is 
that,  on  a  scaled  basis,  the  TUMBLER  Shot  4  precursor  wave  dissipated 
at  a  smaller  ground  range  than  did  the  same  wave  on  Shot  10. 

Because  measurements  were  taken  at  only  the  surface  and  10  ft 
levels  on  Shot  11,  it  is  not  possible  to  compute  precursor  wave  front 
orientations  that  lend  themselves  to  analysis. 

5.5*2  Precursor  Wave  Characteristics 


The  heated  layer  theory  of  precursor  formation  and  the  remarks 
of  the  previous  section  point  to  the  fact  that  the  precursor  wave  fol¬ 
lows  a  pattern  cf  development  and  subsequent  decay.  One  would  expect 
the  air  pressures  associated  with  the  precuro  to  be  highest  at  the 
ranges  closest  to  ground  zero;  however,  because  of  the  time  factors  in¬ 
volved  in  development  of  the  thermal  layer,  the  durations  and  impulses 
of  the  precursor  may  not  follow  this  same  rule. 

An  insight  into  these  characteristics  can  be  gained  from  reference 
to  Fig.  5*26.  Tnis  figure  shows  the  gage  records  obtained  from  the 
auxiliary  gages  on  Shot  10  (surface  level)  and  it  illustrates  some  of 
the  fine  grain  detail  of  the  precursor  wave  characteristics.  The  records 
in  the  figure  represent  a  variation  of  only  135  in  slant  range  and 
the  gage  calibrations  are  similar  enough  to  allow  for  visual  compari¬ 
sons.  The  general  characteristics  observed  are  as  follows: 

(1)  The  maximum  air  pressure  asiociated  with  the  precursor  de¬ 
creases  with  increasing  ground  range  in  about  the  same  manner  p.s  the 
maximum  air  pressure  of  the  main  shock. 

(2)  The  precursor  pulse  duration  lengthens  with  increasing 
ground  range,  indicating  that  the  transmitted  wave  front  traveling  in 
the  therraa]  layer  has  a  higher  velocity  than  t.ie  main  shock  front  (see 
Fig.  1.3);  because  of  the  cable  breaks  on  records  i6BA  and  i6BB,  no 
pertinent  comparison  can  be  made  to  the  durations  of  the  main  shock. 

(3)  As  the  precursor  duration  increases,  the  air  pressure  of  the 
precursor  wave  decays  to  almost  ambient  pressure  before  the  arrival  of 
the  main  shock  at  the  gage  station. 

(4)  The  rise  time  to  tne  majciroum  pressure  associated  with  the 
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g.  Precursor  Wave  Front  Orientation,  Shot  10,  Compared  to 

TUMBLER  Shot  k  (Note  A-scaled  Ground  Range) 
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main  shock  is  longer  than  for  classic  shock  waves. 

From  the  analysis  of  the  previous  sections  concerning  thermal 
phenomena,  one  might  conclude  that  it  is  unlikely  that  the  precursor 
wave  obeys  the  same  scaling  laws  as  a  normed  undisturbed  shock  wave. 

There  is  actually  little  data  available  on  how  the  precursor  characteris¬ 
tics  vary  from  shot  to  shot;  however,  some  comparisons  can  be  made  be¬ 
tween  UPSHOT-KNOTHOLE  and  TUMBLER,  as  shown  in  Figs.  5*27  and  5*28. 

Figure  5*27  shows  the  comparison  of  wave  forms  in  the  precursor 
region  for  U-K  Shots  10  and  11.  These  wave  forms  have  been  replotted 
on  A-scaled  pre.*ssure  and  time  coordinates.  The  scaled  burst  heights  of 
these  shots  were  quite  different,  203  ft  for  Shot  10  (l4.9  KT)  and  316 
ft  for  Shot  11  (60.8  KT).  The  wave  forms  in  Part  A  of  Fig.  5*27  are 
similar,  but  the  difference  in  pressure  magnitudes  is  probably  due  to 
the  scaled  burst  height  difference.  Part  B  indicates  that  the  Shot  11 
precursor,  although  comparable  to  that  on  Shot  10,  has  not  depressed  the 
main  shock  pressure  to  the  extent  evident  on  the  Shot  10  record.  The 
Shot  11  precursor  wave  has  almost  disappeared  on  Part  C  of  Fig.  5*27; 
whereas  the  Shot  10  wave  is  quite  prominent.  Part  D  shows  a  wave  form 
comparison  beyond  the  precursor  regions;  the  similarity  is  obvious. 

The  comparison  of  precursor  wave  forms  of  TUMBLER  Shot  4  and  U-K 
Shot  11  is  shown  in  Fig.  5*28.  As  in  the  previous  figure,  these  records 
have  been  replotted  to  A-scailed  coordinates.  The  scaled  burst  heights 
of  these  shots,  however,  were  more  comparable — 3^3  ft  for  TUMBLER  Shot 
4  (19.6  KT)  and  3i6  ft  for  U-K  Shot  11  (60.8  KT).  In  Parts  A  and  B  of 
Fig.  5*28,  ‘-scaled  records  from  the  two  shots  compare  favorably  both 
in  form  and  magn'»*  ude.  The  Part  C  curves  show  that  the  lUMBLER  Shot  4 
record  had  a  Irv.  ^  r  impulse  associated  with  it;  however,  it  should  be 
noted  that  the  Shot  11  data  were  taken  almost  100  ft  (A-scaled)  farther 
out  from  ground  zero.  The  pressure  records  at  stations  beyond  the  pre¬ 
cursor  region  are  shown  in  Part  D. 

5.5.3  Dynamic  Pressure  on  Shot  11 

The  dynamic  pressure  associated  with  shock  waves  takes  the  form 
of  a  blast  wind  or  impact  pressure.  The  theory  of  dynamic  pressures  ^s 
as  its  basis  the  established  hydrodynamic  equations  lor  shock  waves. 2^ 
The  Rankine-Hugoniot  relations  lead  to  eua  expression  for  the  dynamic 
pressure,  q,  given  by 

.M) 

where  p  is  the  air  density,  u  is  the  particle  (wind)  speed,  Bq  is  the 
velocity  of  sound  in  undisturbed  air  under  ambient  conditions,  and  y  is 
the  ratio  of  overpressure  to  ambient  pressure. 

It  can  be  seen  from  this  relation  that  if  one  considers  overpres¬ 
sure  the  basic  parameter,  theoreticeLL  analysis  can  yield  the  variation 
of  other  parameters  as  a  function  of  overpressure,  and  these  results 
can  be  compared  with  the  measurements.  If  the  experimental  data  agree 
with  theory,  then  further  measurements  of  dynamic  pressure  would  seem 
unwarranted  since  techniques  for  measuring  static  overpressure  axe 
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aireadi^  well  developed.  .  . 

The  results  obtained  on  TUMBLER -SNAPPER^^ indicated  that  the 
above  tneoretical  correlation  between  static  and  dynamic  pressure  may 
not  nold  :n  regions  where  the  static  air  pressure  exceeds  5  or  6  psi. 

In  fact,  even  immediately  behind  the  shock  front,  where  one  would  ex¬ 
pect  the  Ranxine-Hugoniot  equations  to  be  reasonably  valid,  marked  de¬ 
viations  from  Equation  5*^  were  evident.  In  view  of  these  results,  it 
was  decided  that  mure  measurements  of  dynamic  pressure  should  be  made 
during  UPSHOT -KNOTHOLE.  This  experimental  investigation  was  primarily 
assigned  to  other  projects,  but  when  Shot  11  was  scheduled  late  in  the 
series.  Project  1.1b  was  requested  to  make  at  least  one  such  measurement. 

On  Shot  11,  two  gage  channels  were  connected  to  a  Pitot  tube 
gage, iz/ on  loan  from  Sandia  Corporation,  designed  to  measure  dynamic 
pressure.  The  purpose  of  this  installation  was  to  attempt  to  correlate 
a  dynamic  pressure  measurement  with  a  conventional  side -on  pressure 
measurement  in  the  region  of  a  precursor  wave. 

Figure  5*29  (from  Table  5 ‘9)  shows  a  plot  of  the  Rankine-Hugoniot 
relation  between  dynamic  pressure  (q)  and  static  side-on  pressure  as 
measure'^  by  the  Pitot  gage;  the  curve  is  plotted  to  correspond  to  Shot 
11  ambient  conditions. 

Tne  records  from  the  two  q-gage  channels  are  shown  in  Fig.  5*30^ 
where  designates  the  static  side-on  overpressure  record  and  4Q5  is 
the  dynamic  pressure  record. 

The  Pitot  gage  calibration  factors  were  corrected  for  angle  of 
yaw  ( )  and  Mach  number  (M)  on  Shot  11.  The  magnitudes  of  these  cor¬ 
rections  were  provided  by  the  Sandia  Corporation.  The  lower  dashed  line 
on  the  coorliuates  shows  the  dynamic  pressure  determined  by  using 
the  plot  of  Fig.  5*29  in  conjunction  with  the  measured  side -on  pressure, 
4B5.  It  is  obvious  that  there  is  poor  agreement  between  this  q  curve 
(from  the  graph)  and  the  measured  dynamic  pressure  record.  In  fact, 
the  inferred  curve  appears  to  be  about  4o  per  cent  too  low  throughout. 

As  has  been  stated  in  Section  4.5  of  this  report,  the  existence 
of  lerge  thennal  and  dust  effects  shows  evidence  of  depressing  the 
maximum  side-on  air  pressure  measured  near  the  ground  surface.  Since 
the  thennal  disturbances  are  known  to  have  been  appreciable  on  Shot  11, 
one  may  question  the  validity  of  accepting  the  4B5  record  as  a  measure 
of  the  Rankine-Hugoniot  shock  pressure.  Instead,  it  is  possible  to 
estimate  the  approximate  side-on  press\ire  as  a  function  of  time  under 
"normal"  conditions,  i.e.,  no  thermstl  effects.  The  computation  of  the 
nonnal  static  pressure  requires  an  estimate  of  the  reflection  factor 
and  the  incident  free  air  pressure  at  the  gage  station  in  question 
(station  204). 


TABLE  5.9 

Dynamic  Pressure 
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Fig.  ^.29  Static  Pressure  vs  Dynamic  Pressure 


Since  the  reflection  factor  is  a  function  of  shock  strength, 
angle  of  incidence,  and  possibly  type  of  terrain,  it  was  thought  best 
to  look  to  data  from  previous  tests  for  the  estimate.  Considering  data 
from  TUMBLER  Shots  2  and  3,  the  value  2.3  was  taken  as  the  reflection 
factor  at  Station  204  (U-K  Shot  ll).  The  normal  incident  free  air  pres¬ 
sure  was  determined  from  the  AFSWP  free  air  curve. 2/  The  result  of  these 
calculations  of  normal  static  pressure  yields  the  dotted  curve  on  the 
4B5  coordinates  of  Fig.  5 -SO*  When  this  new  static  pressure  vs  time 
record  is  applied  to  the  curve  of  Fig.  5*29^  one  obtains  the  dynamic 
pressure  shown  as  a  dotted  line  on  the  4Q5  coordinates  of  Fig.  5*30* 

The  general  agreement  with  the  measured  dynamic  pressure  is  evident. 

One  must  be  cautious  when  basing  conclusions  upon  such  fragmentary  data. 
However,  it  ceji  be  said  that  the  Shot  11  dynamic  pressure  measurement 
yields  a  peak  value  which  is  significantly  greater  than  would  be  com¬ 
puted  using  the  measured  side-on  pressure  and  the  classical  Rankine- 
Hugoniot  relations.  In  addition,  the  effect  upon  the  dynamic  pressure 
gage  of  large  quantities  of  dust  could  have  a  profound  influence  upon 
any  pertinent  conclusions. 

The  single  Shot  11  dynamic  pressure  measurement,  as  well  as  several 
similar  measurements  made  on  Shot  10, points  up  the  need  for  a  new  ap¬ 
proach  to  the  theoretical  and  physical  concepts  of  dynamic  pressure,  par¬ 
ticularly  in  regions  of  large  thermal  and/or  dust  effects. 

5.6  HEIGHT  OF  BURST  CONSIDERATIONS 


A  well -documented  surface  level  height  of  burst  chart  is  found  in 
TM  23-200,  Capabilities  of  Atomic  Weapons^Q/and  is  reproduced  here  in 
Fig.  5 'SI*  This  family  of  cui*ves  was  drawn  using  all  available  data 
up  to  eind  including  TUMBLER.  The  figure  also  shows  points  from  U-K 
Shots  3,  4,  9,  10,  and  11.  These  points  were  obtained  from  curves  of 
Fig.  5«^  and  are  tabulated  in  Table  5»10.  For  completeness,  surface 
level  points  for  U-K  Shot  1,  reported  by  the  Sandia  Corpo rat ion£5/( Pro¬ 
ject  l.lc-l),  are  included. 
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-scaled  height  of  burst  (FT) 


Fig.  ^.31  Height  of  Burst  Chart  with  UPSHOT -KNOTHOLE  Data  Points 


With  minor  exceptions,  these  surface  level  data  agree  with  the 
basic  curves  at  A-scaled  ground  ranges  of  more  than  1000  ft  (A-scaled 
pressures  less  than  8  psi).  In  fact.  Shot  4  data  verify  the  extrapola¬ 
tion  used  for  the  extremely  nigh  burst  heights.  At  higher  pressures, 
however,  some  pronounced  deviations  appear. 

In  order  to  inspect  more  conveniently  the  nigh  pressure  portion 
of  the  heignt  of  burst  chart,  the  curves  of  Fig.  5*3^?  are  presented. 
These  curves  appear  in  Supplement  No.  1 26/to  the  TM  23-200  manual In 
which  account  is  taken  of  the  condition  of  the  target  surface.  This 
supplementary  reference  presents,  for  each  pressure  level,  three  curves 
designated  as  Good,  Fair,  and  Poor,  corresponding  to  good,  fair,  and 
poor  surface  reflection  characteristics.  The  data  from  Table  5. 10  also 
are  plotted  on  Fig.  5 •32. 

For  UPS}I0T’-KN(DTH0LE  Shot  9  (T^  ft  A-scaied  burst  height),  the 
figure  indicates  agreement  with  the  Fair  and  Good  curves  in  the  range 
of  available  data  (6-30  psi).  In  the  case  of  Shot  11  (31b  ft  A-scaled 
burst  height),  the  surface  level  peak  pressure  data  faV;.  between  the 
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Fig*  5*32  Height  of  Burst  Cheirts  for  Various  Types  of  Reflecting  Surfaces 

170 

SECRET  -  RESTRICTED  DATA 


Fair  and  Poor  curves  in  the  10-50  psi  region;  however,  agreement  with 
the  Fair  and  Good  curves  is  evident  for  8  psi  and  6  psi,  respectively* 

The  Shot  10  burst  height  (A-sceded)  was  about  200  ft  and  the  data  plot¬ 
ted  on  Fig.  5*32  appear  to  agree  well  with  the  Fair  curve  for  the  50  psj 
and  30  psi  contours.  For  lower  pressures  (10-20  psi),  however,  the  Shot 
10  points  favor  the  Poor  curves.  In  f^ict,  the  10  psi  data  point  falls 
far  outside  the  shaded  portion  corresponding  to  the  10  psi  peak  pressure 
le/el.  The  6  psi  and  8  psi  points  for  Shot  10  agree  well  with  the  Fair 
curves  of  the  figure. 

Although  the  measurements  were  made  by  another  agency,  a  few  com¬ 
ments  on  the  UPSHOT-KNOTHOLE  Shot  1  (112  ft  burst  height)  results  shown 
in  Fig.  5*32  are  in  order.  In  the  pressure  range  10-50  psi,  the  data 
points  appear  at  significantly  low  A-scaled  ground  rcuages;  in  other 
words,  for  this  shot,  the  reflecting  surface  behaved  as  a  very  poor  one 
indeed.  The  “double"  data  point  for  10  psi  is  due  to  an  inflection  in 
the  peak  pressure  vs  distance  c\irve  at  this  pressure  value,  which  de¬ 
fines  an  increment  of  ground  range  over  which  the  peak  pressure  was 
essentially  the  same.  The  Shot  1  data  corresponding  to  6  and  8  psi 
agree  well  with  the  Fair  curves  of  the  figure. 

In  summary,  it  can  be  said  that  for  A-scaled  burst  heights  above 
about  300  ft  the  agreement  with  the  Fair  curves  is  reasonable  in  the 
6-50  psi  pressure  range.  Below  jOO  ft  A-scaled  burst  heights,  the  tend¬ 
ency  is  toward  agreement  with  the  Fair  and  Poor  curves.  However,  Shot 
1  data  present  an  interesting  anomaly  in  the  10-50  psi  region,  where 
abnormal  depressions  of  surface  level  peak  pressure  are  evident.  If  . 
the  values  for  zero  l^urst  height  (based  on  the  JANGLE  surface  shot  datahl/ ) 
are  to  be  retained,  an  "elbow"  in  the  curves  for  15-50  psi  must  be  in¬ 
troduced  (see  Fig.  5*3l)  near  the  100  ft  A-scaled  height.  Nevertheless, 
without  more  extensive  data  in  this  low  burst  height  region,  one  should 
be  cautious  about  substantially  altering  the  23-200  height  of  burst 
chart. 

5.7  SECONDARY  SHOCKS 


Secondary  shocks,  or  blips,  in  the  negative  pressure  phase  are 
observed  on  the  pressure  records  of  Shots  3;  9>  10,  and  11.  On  Shot  11 
records,  additional  shocks  are  observed  in  the  positive  phase;  these 
shocks  disappear  at  large  ground  ranges.  On  Shot  9;  n  very  careful 
examination  of  gage  records  indicates  an  extremely  minute  secondary 
shock  arrival  at  Stations  217  (^.257  sec),  200  (4.51  sec),  204  (5. 1^9 
sec),  and  208  (5*939  sec);  the  A-scaled  arrival  times  are  1.320,  1.39Q> 
1.602,  eind  1.84l  sec  respectively.  The  pressure  was  so  small  that  the 
displacement  of  the  record  trace  was  about  one  thickness  of  the  trace. 

On  TUMBLER,  calculations  based  on  arrival  times  indicated  that 
the  source  of  these  secondary  shocks  was  at  or  slightly  above  the  burst 
point.  It  was  suggested  that  the  main  shock  after  reflection  from  the 
ground  back  up  to  the  fireball  was  sufficiently  refracted  by  the  tempera¬ 
ture  inversion  of  the  fireball  to  return  to  earth. ^ 

The  location  of  the  source  of  the  blips  can  be  estimated  from 
the  U-K  data  by  a  comparison  of  the  wave  front  orientation  with  the 
angle  of  incidence.  In  Fig.  5*33  tiie  available  data  from  Shots  9  and 
10  are  plotted.  The  solid  line  indicates  the  wave  front  orientation  as 
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Fig.  5*33  Wave  Front  Orientation  of  Secondary  Shock,  Shots  9  and  10 
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Fig.  ^.34  A-Scaied  Arrival  Times  vs  Slant  Range,  Secondary  Shocks  (blips), 

All  Shots 
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computed  from  arrival  time  differences  (see  Section  5.4.2);  the  dotted 
line  shows  the  angle  of  incidence.  The  relation  of  the  two  is  consist¬ 
ent  with  the  assumption  that  the  source  is  near  the  burst  point. 

If  the  secondary  blips  are  caused  by  shock  reflection  from  the 
ground  followed  by  refraction  by  a  fireball,  it  should  be  true  that  shots 
with  a  large  height  of  burst  will  show  a  relatively  late  blip  arrival. 
This  fact  is  borne  out  by  reference  to  Fig.  5*34  which  shows  the  A-scaled 
blip  arrival  time  plotted  against  A-scaled  slant  range  for  all  shots. 

No  blips  were  observed  on  Shot  4  (scaled  burst  height  2378  ft) 
out  to  the  end  of  the  records  at  15  sec  (5*7  sec  A-scaled).  Examination 
of  the  following  5  or  10  sec  at  the  time  the  oscillograph  records  were 
developed  showed  no  apparent  shocks,  although  it  is  possible  that  tiny 
blips  such  as  those  at  the  stations  close  to  ground  zero  on  Shot  9  might 
have  been  present  but  unobserved.  It  is  possible  that  a  blip  existed 
but  arrived  later  than  15  sec;  it  is  also  possible  that  no  blip  was 
formed.  By  the  timve  the  reflected  shock  returned  to  the  fireball,  the 
inversion  layer  created  by  the  fireball  might  have  been  so  dispersed 
that  the  angle  of  refraction  was  not  great  enough  to  return  the  shock 
to  earth. 

5.8  EARTH  ACCELERATION  AND  PARTICLE  VELOCITY 


In  Section  1.3.3  the  process  of  transmitting  energy  from  the  air 
blast  to  the  earth  has  been  considered  on  a  qualitative  basis.  In  Sec¬ 
tion  4.3.6  the  gage  records  of  acceleration  were  presented  and  discussed 
and  data  taken  from  these  gage  records  are  presented  in  Tables  4.23 
4.24.  In  this  section  we  shall  discuss  the  general  behavior  of  these 
functions  and  any  meanings  to  be  derived  therefrom. 

5.8.1  Time  of  Arrival  Curves 


Figure  5*35  shows  the  time  of  arrival  curves  for  Shots  9  and  10. 

A  generalized  form  of  these  curves  was  shown  in  Fig.  1.7.  The  main  body 
of  each  of  these  curves  follows  implicitly  the  air  shock  arrivals  at 
the  respective  stations.  At  a  point  where  the  horizontal  component  of 
air  shock  velocity  falls  below  the  near-surface  seismic  velocity  the 
transmitted  wave  begins  to  outrun  the  main  shock  arrival.  On  subsequent 
gages  an  early  arrival  can  be  detected  progressively  further  athead  of 
the  main  shock  arrival  caused  by  air  blast.  These  arrivals  were  very 
weak,  however,  and  it  was  impossible  to  discern  the  exact  time  of  the 
first  arrival  on  many  of  the  gage  records.  On  TUMBLER  Shot  1,-^ where 
the  acceleration  instrumentation  was  much  more  complete,  this  pnenomenon 
was  well  documented,  and  velocity  of  departure  was  observed  to  be  I9OO 
fps.  Since  these  two  shots  (Shots  9  and  10 )  were  on  the  same  blast  line 
as  TUMBLER  Shot  1,  this  velocity  (dashed  lines)  has  been  inserted  in 
Fig.  5.35*  It  will  be  seen  that  they  fic  the  earliest  observed  points 
very  well.  The  relative  amplitude  of  the  earth-transmitted  wave  as 
compared  with  che  air-induced  shock  was  in  all  cases  very  smalJ.  and  may 
be  considered  to  be  negligible  from  any  effects  standpoint. 
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5«8*2  Slap  Acceleration 


On  TUMBLER,  Project  1.7>  it  was  observed  that  a  definite  correla¬ 
tion  could  be  established  between  incident  air  pressure  and  maximuin 
vertical  acceleration  roeasured  at  a  5  ft  depth.  On  Project  1.1b  all 
vertical  accelerometert  were  located  at  1  ft  burial  depth.  Figure  5.36 
shows  maximum  negative  vei*tical  slap  acceJ.erations-plotted  against  peak 
air  pressure  for  U-K  Shots  9  and  10.  These  data  are  listed  in  Tables 
4.23  and  4.24.  For  comparison,  the  curve  from  TUMBLER  Shot  1  is  also 
shown  on  the  figure.  The  data  from  Shot  9  indicate  slap  accelerations 
three  or  four  times  greater  than  those  measured  on  TUMBLER  Shot  1  and 
the  scatter  of  data  points  is  considerably  greater.  The  Shot  10  maxi¬ 
mum  vertical  slap  accelerations  plotted  on  Fig.  5*36  are  quite  erratic. 
The  results  near  5  and  15  psi  are  comparable  with  those  of  Shot  9;  how¬ 
ever,  near  8  psi  the  accelerations  are  much  lower.  In  general  all  the 
U-K  data  points  are  above  those  represented  by  the  TUMBLER  Shot  1  curve, 
which  is  to  be  expected  in  view  of  the  difference  in  gage  depth.  The 
scatter  of  the  data  is  such  that  no  meaningful  figure  for  a  relationship 
between  air  pressure  and  peak  acceleration  can  be  derived.  The  definite 
indication,  however,  that  the  acceleration  to  be  expected  from  a  given 
air  shock  pressure  is  considerably  greater  at  1  ft  than  at  5  ft  is  not 
contrary  to  previous  experimental  investigations  of  other  phenomena. 

It  is  accepted  that  the  attenuation  of  maximum  peak  pressure  in  the 
earth  from  an  air  blast  of  considerable  duration  would  be  expected  to 
be  very  small,  but  the  rise  time  of  this  pressure  would  be  expected  to 
increase  with  depth  due  to  energy  absorption  in  the  earth.  Any  cor¬ 
respondence  between  ea'' ch  s’':::'oss  measurements  and  acceleration  measure¬ 
ments  should  be  ■:o;icevned  w:.  the  derivative  of  the  former  with  respect 
to  time  or  with  t;*'^  integrai.  of  the  latter. 

5.6.3  Slap  Particle  \‘^lucity 

Earth  particle  velocities  as  a  fimction  of  time  on  Shots  9 
10  were  determined  by  integration  of  the  earth  acceleration  vs  time 
recordings.  The  raaxinium  values  of  earth  particle  velocities  (Vg)  appear 
in  Tables  4.23  sind  4.24  and  representative  curves  of  particle  velocity 
vs  time  are  shown  in  Figs.  5*37  and  5*38*  These  curves  will  be  seen  to 
be  simpler  in  wave  form  than  the  acceleration  records  and  to  have  dura¬ 
tions  more  nearly  resembling  that  of  the  air  blast  wave. 

The  values  for  maximum  vertical  earth  particle  velocities  on 
Sho' 3  9  and  10  are  plotted  against  maximum  air  pressure  in  Fig.  5-39» 

Ale  shown  on  this  figure  is  the  maximum  velocity  curve  from  TUMBLER 
Sho  i .  “ '  — 

In  previous  explosion  tests,  a  question  has  arisen  as  to  the 
validity  of  acceleration  records  due  10  the  rather  low  maximum  frequency 
response  of  instrumentation  used.  Cn  Project  1.1b,  for  the  vertical 
accelerometers  only,  an  attempt  was  ir rule  to  raise  the  frequency  response 
charr  :teristics  of  the  instrumentatio: .  tc  avoid  this  question.  T’.ble 
5.11  hows  the  comparison  between  the  natural  frequencies  of  the  gages 
and  Ivanometers  used  and  the  maximum  observed  frequencies  of  the 
reco  i.  It  is  evident  that  in  all  the  vertical  measurements  the  maximum 
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Fig.  5*35  Arrival  Times  of  Earth  Acceleration,  Shots  9  10 
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Fig.  5.36  Maximum  Negative  Vertical  Slap  Acceleration  vs  Maximum  Air 

Pressure,  Shots  9  and  10,  Compaured  to  TOMBLER'  Shot  1 
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Fig*  5*37  Representative  Curves,  Earth  Particle  Velocity  vs  Time,  Shot  9 
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Fig.  5*39  Negative  Vertical  Slap  Particle  Velocity  vs  MBucimum  Air 
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TABLE  5.11  -  Accelerometer  Frequency  Response 


Gage 

n  ■  -  . -  ■  -- 

Undamped 

Maximum  Recorded 

Natural  Freq.  (cps) 

Frequency  (cps) 

Gage 

Galv. 

Shot  9 

Shot  10 

14  VI 

450 

/•.60 

100 

« 

15V1 

450 

460 

200 

150 

i6n 

450 

460 

140 

NR 

17V1 

450 

460 

200 

150 

450 

45o 

250 

150 

450 

460 

250 

100 

450 

460 

160 

K.; 

6V1 

450 

460 

200 

160 

15K5 

190 

300 

100 

100 

16K5 

190 

300 

100 

100 

0H5 

85 

300 

70 

50 

2H5 

85 

300 

90 

50 

4H5 

85 

80 

NT. 

6H5 

85 

300 

90 

90 

•  -  Gfage  not  connected  for  Shot  10 
NR  -  No  record  obtained 


frequency  which  was  recorded  by  the  gage  was  well  below  the  undamped 
natural  frequency  of  the  gage.  It  is  concluded  that  no  frequency  re¬ 
sponse  correction  is  required  for  these  records.  In  the  ceise  of  the 
horizontal  gages,  particularly  at  the  greater  ground  ranges,  this 
condition  does  not  exist,  but  no  conclusions  have  been  drawn  from  these 
records. 
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CHAPTEB  6 


CONCLUSIONS  AND  RECOMMENDATIONS 


6.1  SUMMARY  OF  CONCLUSIONS 
6rl.l  Air  Blast  Scaling 

On  the  basis  of  the  coraparisons  of  A-scaled  pressures,  durations, 
and  impulses,  the  total  air  blast  phenomena  of  U-K  Shot  9  and  TUMBLER 
Shot  1  scaled  very  well,  with  the  exception  of  some  phenomena  at  inter¬ 
mediate  giound  ranges  where  differences  in  thermal  disturbances  appear 
to  have  caused  relatively  minor  differences  in  performance.  The  yield 
ratio  for  these  two  shots  was  about  26:1  and  both  were  detonated  over 
the  same  surface  at  an  A-scaled  burst  height  of  750  ft. 

6.1.2  Regaar  Reflections 

The  data  regarding  regular  reflections  are  meager  on  this  project. 
The  indications  from  Shots  4  uiid  9  not  confirm  previous  observations 
(tumbler)  that  the  measured  values  of  reflected  pressure  were  greater 
than  those  calculated  from  classical  theory.  On  Shot  k  the  check  with 
calculated  values  is  good,  whereas  on  Shot  9  the  measured  values  at 
intermediate  ground  ranges  tend  to  be  lower  than  the  calculated  values, 
which  may  be  attributable  to  thermal  effects. 

6.1.3  Mach  Reflection 


The  data  permit  a  reliable  description  of  the  path  of  the  Mach 
triple  point  for  Shot  9  at  levels  below  50  ft.  There  is  definite  in¬ 
dication  that  the  theoretical  analysis  of  the  triple  point  trajectory 
near  ground  surface  is  not  applicable  for  this  intermediate  height  of 
burst.  Thermal  effects  are  such  that  Mach  reflection  appears  to  begin 
at  very  short  ground  ranges  and  the  rise  of  the  triple  point  shows  two 
plateaus  below  the  1C  ft  level.  In  tnese  regions  the  Mach  stem  orien¬ 
tation  deviates  considerably  from  the  verticeil,  resembling  a  rudimentary 
precursor.  Such  effects  cannot  be  expected  to  scale  in  the  conventional 
mann  -r.  After  the  Mach  stem  is  well  developed,  variations  of  the  stem 
orientation  from  vertical  axe  observed  but  these  appear  to  beex  no  re¬ 
lationship  to  the  pressure  gradient  in  the  stem,  and  are  attributable 
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to  local  disturbances 


6.1.4  Precursor  Effects 


Precursor  phenomena  were  observed  in  detail  on  Shots  10  and  11. 

In  comparison  with  TUMBLER  Shot  4,  these  effects  were  more  pronounced, 
particularly  on  Shot  10.  This  is  in  accord  with  the  inverse  relation¬ 
ship  of  thermal  phenomena  to  scaled  height  of  burst.  Previous  observa¬ 
tions  of  the  depression  of  maximum  measured  surface  air  pressures  in  the 
precursor  region  were  confirmed.  There  is  some  evidence  that  this  de¬ 
pression  does  not  apply  to  dynamic  pressures. 

Precursor  lead  times  of  over  60  msec  were  observed  and  orienta¬ 
tions  of  the  precursor  wave  front  corresponding  approximately  with  those 
observed  by  photography  were  constructed  for  Shot  10  from  arrival  time 
data.  These  precursor  wave  front  orientations  seem  to  confirm  the 
heated-layer  theory  of  precursor  formation. 

6.1.5  Height  of  Burst 

Additional  points  for  a  composite  height  of  burst  chart  were  ob¬ 
tained  for  a  number  of  scaled  burst  heights.  Correspondence  with  pre¬ 
vious  data  is  good  in  the  low  pressure  region  but  the  new  data  indicate 
modification  of  existing  height  of  burst  charts  in  pressure  regions  be¬ 
tween  10  and  50  psi  for  low  heights  of  burst.  The  reflection  effective¬ 
ness  (including  thermal  and  dust  effects)  of  the  target  surface  seems 
to  be  a  function  of  both  peak  pressure  and  height  of  burst.  The  UPSHOT- 
KNOTHOLE  Shot  1  data  present  an  anomaly  in  the  10-50  psi  region  where 
abnormal  depressions  of  surface  level  peaJc  pressure  are  observed. 

6.1.6  Dynamic  Pressures 

A  single  measurement  of  dynamic  pressures  on  Shot  11  demonstrates 
that  the  dynamic  pressure  as  measured  by  a  Pitot  gage  does  not  bear  the 
relationship  to  side-on  pressure  derived  from  the  Rankine-Hugoniot  equa¬ 
tions,  when  measurements  are  made  in  the  precursor  region.  The  UPSHOT- 
KNOTHOLE  Shot  11  dynamic  pressure  measurement  yields  a  peaJc  value  which 
is  significantly  greater  than  would  be  computed  using  the  measured  side- 
on  pressure  and  the  classical  Rankine-Hugoniot  relations. 

6.1.7  Earth  Acceleration  and  Particle  Velocity 

Few  definitive  data  were  obtained  on  earth  acceleration  phenomena 
on  this  project,  the  scatter  of  data  for  measurements  at  1  ft  burisLl 
depth  allowing  no  precise  conclusions.  There  is  indication  that  an 
analytic  relationship  holds  between  peaJc  vertical  particle  velocity 
and  peak  air  pressure  near  the  ground  surface. 

6.2  RECOMMENDATIONS 

6.2.1  Usefulness  of  Data 


The  information  obtained  relative  to  the  height  of  burst  chart 
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appears  to  be  reliable  enough  so  that  with  certain  qualifications  it 
may  be  used  for  comparison  and  correlation  with  other  tests  for  further 
documenting  of  the  height  of  burst  charts.  The  depressed  surface  leVel 
pressures  from  lower  heights  of  burst  in  the  precursor  region  are  suf¬ 
ficiently  consistent  to  indicate  the  necessity  for  more  data  and  a  pos¬ 
sible  modification  of  existing  curves  in  this  region.  The  verification 
of  existing  curves  within  regions  other  than  the  one  mentioned  above 
may  be  taken  as  an  indication  that  further  modification  in  these  regions 
is  not  necessary. 

The  information  obtained  regarding  Mach  reflection  has  been  com¬ 
bined  with  data  from  other  tests  and  indicates  that  at  intermediate 
heights  of  burst  theoretical  predictions  of  the  Mach  stem  height  should 
be  modified  to  show  an  earlier  formation  of  the  stem  or  its  equivalent 
insofar  as  diffraction  aroxmd  structures  is  concerned. 

Precxirsor  data  obtained  on  this  project  were  essentially  descrip-- 
tive  rather  than  quantitative,  but  in  connection  with  other  observations 
they  should  be  useful  in  further  analysis  of  the  mechanism  of  formation 
and  results  of  the  precursor  effects. 

Pressure-distance  curves  observed  on  the  various  shots  were  in¬ 
tended  for,  and  should  be  useful  to,  other  projects  in  establishing 
free-field  conditions  under  which  observations  were  made. 

6.2.2  Recommendations  for  Further  Studies 


It  is  apparent  that  the  major  field  of  uncertainty  in  the  pre¬ 
diction  of  8dr  blast  phenomena  involves  the  region  of  thermally  dis¬ 
turbed  blast  waves.  Future  experimental  studies  should  be  concentrated 
in  these  regions,  particularly  with  reference  to  observations  designed 
to  establish  the  relationships  between  static  and  dynamic  pressures 
under  these  conditions.  This  should  include  efforts  to  isolate  the  ef¬ 
fects  of  dust  loading  on  the  dynamic  pressure. 

Dependent  on  the  importance  attached  to  extreme  heights  of  burst, 
further  analytical  and  experimental  data  are  required  for  precise  pre¬ 
diction  of  free  air  pressures  at  very  high  altitudes. 

As  an  adjunct  to  other  studies,  further  experimental  data  should 
be  obtained  to  establish  the  reliability  of  pjediction  of  early  Mach 
stem  formation  phenomena. 

It  is  recommended  that  further  study  of  air  blast -induced  under¬ 
ground  effects  be  directed  toward  target  diffraction  and  response  studies 
rather  them  toward  free-sarth  phenomenology. 
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APPENDIX  A 


GAGE  RECORDS 


Reductions  (about  1:3)  of  tracings  of  the  interesting  portion 
of  all  usable  gage  records  conqprise  this  Appendix.  Features  such  as 
lengths  of  positive  and  negative  phases,  peak  negative  pressures,  and 
secondary  shocks  do  not  appear  in  these  reductions.  These  aspects  of 
the  pres sure -time  functions  are  relatively  well-benaved,  and  pressure 
and  times  associated  with  them  appear  in  the  Tables. 

The  records  eire  arranged  first  by  shot,  then  by  ground  range  for 
each  vertical  level  (surface  level  first).  Auxiliary  records  (twin 
baffles,  backup  gages,  etc.)  ore  introduced  into  the  main  sequence  fol¬ 
lowing  the  primary  gage  record. 

Each  record  is  provided  with  suitable  time  and  pressure  coordi¬ 
nates.  The  times  indicated  refer  to  zero  time  of  the  shot.  Labeling 
comprises  shot  number,  gage  code  symbol,  ground  range,  slant  remge,  and 
other  information  as  required.  The  gage  code  symbol  system  appears  in 
Section  3*2.4. 
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Fig.  A.l  Gage  Record  Tracings,  Shot  3,  Surface  Level 
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APPENDIX  B 


EXPERIMENTAL  RECORDING  TESTS 


In  conjunction  with  Project  1.1b  of  Operation  UPSHOT-KNOTHOLE  a 
limited  experimental  project  was  undertaken  to  evaluate  certain  instru¬ 
mentation  and  techniques  for  the  recording  and  reproduction  of  explosion 
test  data  on  magnetic  tape.  This  instrument  evaluation  plan  was  under¬ 
taken  with  the  understanding  that  it  was  to  be  secondary  to  the  main 
project,  and  that  it  might  be  necessary  to  eliminate  portions  of  this 
experiment  in  order  to  meet  the  schedule  of  the  main  test. 

B.l  BACKGROUND  AND  HISTORY 

The  basic  advantages  of  magnetic  recording  over  direct  oscillo¬ 
graph  recording  are: 

(1)  The  possibility  of  electrical  normalizing  of  records. 

The  vertical  sceile  may  be  adjusted  as  desired  in 
reproducing  records;  the  time  sceile  may  be  adjusted 
as  desired,  if  an  adjustment  of  the  final  rcicorder 
speed  is  provided.  It  is  not  evident  how  non-linearity 
of  gage  circuits  may  be  compensated  for  in  playback, 
but  this  coii5>ensation  is  probably  possible. 

(2)  The  possibility  of  electrical  filtering  of  signals. 

This  may  include  differentiation,  integration,  or 
frequency  discrimination  to  improve  si goal -to -noise 
ratio.  In  the  case  of  acceleration  records,  it  is 
possible  and  probable  that  electriced  integration 
to  obtain  particle  velocity  would  be  of  considerable 
vedue. 

(3)  The  possibility  of  electrical  combination  of  signals. 

This  may  include  addition,  8ubtreu:tion,  or  other 
mixing  techniques.  In  the  case  of  structural 
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tests,  the  combination  of  several  gage  records 
to  obtain  an  average  pressure  has  already  been 
used,  but  would  be  much  more  readily  controlled 
in  playback  of  magnetically  recorded  data. 

(4)  The  elimination  of  the  necessity  for  radiation  shielding  of  field 
instruments. 

This  feature  has  been  given  much  attention  in 
the  past;  however,  it  is  now  considered  a  secondary 
feature  since  the  practicability  of  the  use  of 
photographic  paper  for  nuclear  tests  has  been  proven. 

Due  to  the  characteristics  of  magnetic  recording  equipment  and 
tape,  it  is  assumed  that  such  recording  must  involve  the  use  of  a  fre¬ 
quency  modulated  or  phase  mod\ilated  carrier  system.  Direct  recording 
or  amplitude  modulation  of  a  carrier  recorded  on  a  tape  suffers  uncontrol¬ 
lable  distortion  due  to  the  variable  characteristics  of  the  tape.  The 
three  such  systems  in  use  at  present  are: 

(1)  Phase  modulation.  The  output  of  the  transducer  is  connected 
in  quadrature  with  a  portion  of  the  fixed  carrier  which  supplies  the 
transducer.  The  resultant  phase  modulated  signal  is  recorded  on  the 
tape  along  with  the  fixed  carrier  or  some  signal  which  bears  a  fixed 
relationship  to  this  carrier.  Playback  is  accomplished  by  means  of  a 
phase  sensitive  detector  which  may  consist  of  a  "gated”  multi -vibrator 
or  a  similar  circuit. 

(2)  Frequency  modulation.  This  is  accomplished  by  feeding  the 
signal  voltage  derived  from  the  transducer  into  a  reactance  modulator 
or  similar  modulator  which  frequency -modulates  a  locally  supplied  car¬ 
rier.  Playback  is  accomplished  by  means  of  a  discriminator  circuit  or 
pulse  counting  demodulator. 

(3)  The  transducer  as  a  fundamental  part  of  a  local  oscillator. 

The  changes  in  reactance  or  resistance  of  the  transducer  due  to  the  sig¬ 
nal  are  made  to  cause  corresponding  changes  in  frequency  of  this  local 
oscillator.  Playback  is  accomplished  in  the  same  manner  as  in  (2). 

Each  of  the  three  above  systems  was  used  by  various  agencies  in 
UPSHOT-KNOTHOLE. 

In  essence,  the  first  two  systems  transmit  the  signal  from  the 
transducer  to  the  terminal  equipment  as  an  amplitude  modulated  signal. 

The  conversion  equipment  is,  therefore,  subjected  to  and  can  be  sensi¬ 
tive  to  any  electrical  noises  picked  up  by  the  transmission  cables, 
which  may  be  of  considerable  length  in  a  test  of  this  type.  The  third 
system,  by  mfliking  the  local  oscillator  essentially  a  portion  of  the 
transducer,  avoids  this  handicap  and  should,  therefore,  present  an  im¬ 
provement  in  signal -to-noise  ratio. 

Oie  of  the  most  important  sources  of  noise  in  magnetic  recording 
and  reproducing  is  tape  speed  variations.  These  speed  variations  may 
occur  in  the  recording  or  in  the  reproduction,  either  as  overall  capstan 
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speed  variations  or  as  flutter  of  the  tape.  These  variations  may  also 
be  duo  to  uneven  stretching  of  the  tape  between  recording  and  repro¬ 
duction.  Experience  has  shown  this  to  be  a  very  important  source  of 
noise  in  tests  of  this  type  where  the  tape  is  subjected  to  severe  changes 
in  humidity  and  teirperature  between  and  during  recording  and  playback. 

The  phase  modulation  system,  (l)  above.  Is  nnt  riirpctly  subject  to  noise 
due  to  such  changes,  but  an  analysis  will  show  that  it  is  not  entirely 
free  from  such  disturbances. 

\  The  FM-1oc£l1  oscillator  system,  (3)  above,  offers  certain  inci- 

dentfiil  advantages  over  direct  oscillograph  recording.  Primarily,  the 
system  permits  the  use  of  longer,  cheaper  cables.  With  the  local  os¬ 
cillator  near  the  gage,  the  length  of  the  cable  to  the  recorder  becomes 
relatively  lonimportant  and  its  electrical  characteristics  need  not  be 
as  good  as  those  required  by  AM  systems.  In  addition,  the  system  per¬ 
mits  the  use  of  a  single  cable  for  several  channels  by  frequency  sepa¬ 
ration  of  the  channels.-  This  feature  is  not  considered  to  be  as  impor¬ 
tant  as  it  was  at  one  time. 

In  view  of  the  several  advemtages  offered  by  the  third  system, 
it  was  concluded  that  a  further  exploration  of  techniques  in  its  use 
would  be  desirable.  This  experimental  instrument  "sub -project"  was  set 
up  for  this  purpose. 

B.2  EXPERIMENT  PLAN 

B.2.1  Instrumentation 


In  coafining  the  planning  to  the  use  of  a  local  oscillator  near 
the  gage  to  generate  a  frequency  modulated  carrier,  certain  criteria 
were  set  up: 

(1)  Altho\igh  the  local  oscillator  is  to  be 
considered  a  portion  of  the  gege,  it 
appeared  desirable  that  a  separation  of 
at  least  60  ft  between  the  two  would 
sllow  best  use  under  the  conditions  of 
this  test.  This  would  permit  the  loca¬ 
tion  of  the  oscillator  near  the  base 

of  a  50  ft  tower  with  the  gage  at  the 
top  of  the  tower. 

(2)  The  local  oscillator  should  be  designed 
for  a  minimum  of  power  drain  and  for  a 
maximum  of  resistance  to  shock. 

(3)  The  output  of  the  oscillator  should  be 
moderately  high  in  order  to  overcome 
transmission  losses  and  noises  in  the 
transmission  line. 

(4)  The  frequency  deviation  for  rated  gage 
signal  should  be  as  high  as  is  consis¬ 
tent  with  other  design  factors. 
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(5)  A  standard  frequency  should  he  recorded 
on  the  same  tape  as  are  the  signal  chan¬ 
nels  in  order  to  provide  a  timing  standard 
for  playback. 

Although  one  of  the  purposes  of  the  experiment  was  to  in vest i- 
gage  playback  techniques,  work  schedules  were  such  that  little  atten¬ 
tion  was  given  to  the  playback  equipment  in  the  early  stages  6f  the 
experiment  plan.  The  attitude  was  taicen  that  once  gage  records  were 
obtained,  time  would  permit  investigation  of  playback  techniques  after 
the  completion  of  the  field  phase  of  UPSHOT-KNOTHOLE, 

The  basic  recording  equipment  obtained  and  used  on  this  test 
consisted  of  an  Ampex  Model  306  7-channel  tape  recorder  equipped  with 
seven  recording  and  seven  playback  heads.  Since  the  capstan  motor  drive 
of  such  a  recorder  requires  an  accurate  60-cycle  power  supply  for  best 
results  and  since  the  power  supply  during  recording  was  expected  to  be 
supplied  from  batteries,  a  fork  amplifier  (Ampex  Model  375)  was  used 
which  furnished  sufficient  60-cycle,  120-volt  output  to  drive  the  cap¬ 
stan  motor.  Other  portions  of  the  recorder  were  driven  directly  from 
24-volt  DC  to  120-volt  (nominal  60  cps)  AC  converters.  Simple  recording 
eunplifiers  were  built  which  required  an  input  of  approximately  50  milli¬ 
volts  or  more  of  carrier  frequency  to  supply  sufficient  output  power 
to  saturate  the  recording  heads. 

Since  the  Wiancko  variable -reluctance  transducer  is  very  widely 
used  by  many  agencies  in  explosion  tests,  it  was  given  prime  considera¬ 
tion  as  the  transducer  for  these  experiments.  It  was  considered  very 
desirable  to  retain  the  fundamental  balanced  feature  of  this  transducer; 
by  so  doing,  the  insensitivity  of  the  air  pressure  gages  to  acceleration 
euid  shock  was  retained.  In  addition,  such  an  approach  allowed  the  use 
of  existing  gages  interchangeably  between  the  basic  direct  recording 
system  and  the  magnetic  recording  system.  It  was  found  that  Wiancko 
Engineering  Company  had  developed  an  oscillator  (Type  9-1002)  for  this 
purpose.  This  company  supplied  two  such  oscillators  on  a  loan  basis  for 
this  experiment.  The  circuit  details  of  these  oscillators  were  not 
disclosed,  but  their  general  characteristics  met  in  a  reasonable  manner 
the  criteria  decided  upon.  The  power  supply  requirements  were  moderate, 
the  output  relatively  high,  and  the  frequency  deviation  at  full  gage 
rating  was  approximately  10  per  cent. 

Two  other  oscillators  were  designed  and  built  at  the  Stanford 
Research  Institute  (SRi)  laboratories.  The  first  of  these,  "SRI-A," 
consisted  of  an  oscillator  incorporating  an  "all-pass  LC  network"  as 
the  phase  shifting  device  and  separate  gage  amplifier  supplying  the 
carrier  to  the  gage  at  the  oscillator  frequency.  The  output  of  the 
gage  was  fed  in  quadrature  with  the  oscillator  feedback  voltage  to  the 
grid  of  the  oscillator  tube.  An  unbalance  of  the  gage,  due  to  the  pres¬ 
ence  of  a  signed,  resulted  in  a  phase  shift  of  the  feedback  voltage 
which  in  turn  resulted  in  a  change  of  oscillator  frequency  to  compensate 
for  this  phase  shift.  Variations  of  this  LC  network  circuit  were  ex¬ 
perimented  with,  including  the  use  of  an  RC  network  as  a  phase  shifting 
element  in  the  basic  oscillator,  but  the  circuit  described  was  the  most 
acceptable  found  in  the  time  available.  The  second  circuit,  "SRI-B," 
was  built  in  the  simplest  way  which  could  be  devised.  It  consisted  of 


207 

SECRET- RESTRICTED  DATA 


a  single-tube  oscillator  using  the  reflected  total  reactance  of  the 
gage  itself  as  the  frequency  determi.ning  e3ement.  Since  t}iis  reactance 
does  not  change  with  signal,  the  frequency  shift  with  signal  was  ob- 
teiined  by  feeding  the  gage  output  in  quadrature  with  the  normal  feed¬ 
back  voltage  in  a  fashion  similar  to  that  in  the  SRI -A  circuit.  Both 
of  the  above  circuits,  as  built,  failed  to  meet  the  original  criteria 
in  that  the  plate  current  drain  was  higher  than  desirable  (about  ^ 
milliamperes  at  l80  volts).  The  SRI-B  circuit  gave  the  greatest  fre¬ 
quency  deviation  of  any  of  the  systems  used,  but  left  something  to  be 
desired  in  the  linearity  of  frequency  shift  with  signal.  In  addition 
to  the  four  channels  described  above,  two  channels  using  the  Vibrotron 
gage  (Byron  Jackson  and  Company)  were  connected.  This  gage,  using  a 
vibrating  wire  as  the  frequency  determining  element  approaches  in  theory 
the  ideal  system  for  frequency  modulation  recording  more  nearly  thar 
other  systems,  since  the  frequency  determining  element  is  an  inherent 
part  of  the  gage  itself.  Although  the  manufacturer  specifies  a  short 
cable  between  the  Vibrotron  gage  and  the  controlling  aiiplifier,  it  was 
found  that  its  operation,  under  laboratory  conditions,  was  entirely 
satisfactory  with  60  feet  of  connecting  cable. 

B.2.2  Gage  Layout 

In  order  to  obtain  results  which  would  provide  direct  con^eLrison 
of  gage  records,  it  waa  decided  that  all  six  gage  channels  involved  in 
this  portion  of  the  experiment  should  be  subjected  as  nearly  as  possible 
to  the  same  blast  pressures  and  that  there  should  be  provided  a  standard 
gage  channel  at  the  same  nominal  radi.us  from  ground  zero.  Accordingly, 
these  gages  were  installed  at  Station  F-209  for  Shots  9  and  10  (see  Fig. 
B.l).  Due  to  the  presence  of  other  instrumentation  it  was  necessary  to 
displace  these  gages  slightly  in  a  direction  counterclockwise  from  the 
main  gage  tower.  However,  this  displacement  was  not  sufficient  to  cause 
any  noticeable  change  in  the  pressure  level,  even  under  the  conditions 
of  Shot  9  where  the  true  ground  zero  was  considerably  displaced  from 
instrument  ground  zero.  Tlie  local  oscillators  were  mounted  near  the 
gage  8Lrray,  all  six  oscillators  being  shock-mounted  in  a  single  box. 

A  wooden  lid,  plus  a  few  inches  of  dirt,  covered  the  box  and  protected 
it  from  blast.  Batceries  supplying  the  power  to  the  oscillators  were 
mounted  in  a  second  box  adjacent  to  the  first.  In  order  to  compare  the 
performance  of  the  Wiancko  oscillators  and  the  Vibrotron  oscillators 
using  long  and  short  cables,  one  of  each  of  these  channels  was  connected 
to  its  gage  through  the  shortest  cable  possible,  while  the  other  was 
connected  through  a  cable  of  60  ft  length.  Since  the  two  SRI  channels 
had  been  tested  with  150  ft  cables,  they  were  connected  with  this  length 
of  cable.  In  all  cases,  except  the  two  shortest,  the  surplus  cable 
was  folded  in  the  connecting  trenches  and  covered  with  earth. 

Relay  circuits  were  provided  so  that  the  battery  supply  to  each 
oscillator  could  be  turned  on  from  the  central  recording  station.  Each 
gage  oscillator  was  connected  to  the  central  recording  station  by  a 
separate  three -conductor  cable,  but  only  two  conductors  were  used  in 
all  cables  other  than  the  one  which  also  carried  the  relay  signals.  The 
circuitry,  aa  designed,  required  that  the  transmission  lines  be  unbal¬ 
anced,  that  is,  that  one  side  of  each  transmission  line  be  grounded. 
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Fig.  B.l  Locatica  of  Experlnental  Gages 
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It  was  intended  that  this  grounding  take  place  at  the  recording  shelter. 
However,  during  installation  of  the  gages  it  caioe  to  light  that  the 
Vibrotron  gage  was  so  built  that  one  termineil  was  irremovably  connected 
to  the  case  of  the  gage.  In  the  time  available  it  was  impossible  to 
correct  con5)letely  for  this  situation,  with  the  result  that  the  ground¬ 
ing  system  used  was  not  optimum  and  p:ave  rise  to  oortRin  circ\!lati2:g 
currents.  The  only  visible  result  of  this  improper  grounding  was  that 
of  a  greater  cross-feed  between  channels  than  had  been  expected.  This 
was  particularly  true  in  the  case  of  the  Vibrotron  channels.  Time  did 
not  permit  the  operation  of  a  dynamic  test  on  these  channels  diuing  in¬ 
stallation,  but  an  inspection  of  the  wave  form  of  the  carrier  plus  cross¬ 
feed  led  to  the  conclusion  (which  later  proved  invalid)  that  the  cross¬ 
feed  would  not  cause  serious  effects. 

At  the  recording  station,  the  signal  from  each  gage  oscillator 
was  fed  through  the  recording  amplifier  to  the  individual  recording 
heads.  A  10,000  cps  signal  from  a  Hewlett-Packard  Model  100  D  Low  Fre¬ 
quency  Standard  was  fed  to  the  seventh  recording  head.  Provisions  were 
incorporated  for  applying  power  to  the  recording  amplifier  and  gage 
oscillators  at  a  time  of  minus  15  minutes  and  for  steirting  the  recording 
tai>e  at  a  time  of  minus  15  seconds.  Csdibration  was  performed  on  each 
gage  by  applying  a  known  pressure  to  the  gage  and  recordi  a  short 
burst  on  the  recording  tape.  Three  or  four  values  of  pressure  were  re¬ 
corded  for  each  gage. 

On  Shot  9  the  recording  tape  speed  used  was  30  inches  per  second. 
On  Shot  10  the  recording  speed  used  was  60  inches  per  second. 

B.3  PLAYBACK 

The  basic  playback  equipment  consisted  of  seven  channels  of  Am- 
pex  Model  306  playback  amplifiers  with  their  associated  power  supply 
equipment.  Since  most  of  the  channels  used  a  carrier  frequency  of  ap¬ 
proximately  10,000  cps  and  since  the  Model  306  playback  amplifier  was 
basically  designed  for  approximately  28,000  cps  a  minor  modification 
was  made  on  four  of  these  channels,  increasing  the  pulse  length  by  the 
change  in  capacity  of  one  condenser. 

This  playback  amplifier  is  of  the  type  known  as  a  pulse  counting 
demodulator.  The  output  from  the  recording  head  is  amplified  through 
three  stages  of  cascade  vacuum  tube  amplifiers,  each  stage  being  followed 
by  a  biased  clipper.  The  resultant  output,  a  square  wave  whose  amplitude 
is  primarily  determined  by  the  bias  of  the  last  clipper,  is  differenti¬ 
ated  to  form  pulsea.  The  pulses  are  amplified  and  rectified,  and  the 
rectified  output  is  filtered  to  produce  an  output  dependent  upon  the 
frequency  of  the  input  signal.  The  output  of  the  demod'lLator  is  linear 
with  respect  to  frequency  within  the  operating  range  of  the  system.  A 
balancing  voltage  is  provided  which  allows  the  DC  output  to  be  adjusted 
to  zero  for  the  center  carrier  frequency. 

When  the  records  obtained  from  Shots  9  aod  10  were  played  back 
through  these  amplifiers  into  a  3OO  cycle  galvanometer  recording  on  a 
William  Miller  recording  oscillograph,  the  following  results  were  im¬ 
mediately  evident: 

1.  On  both  tests  there  was  definite  evidence  of  a 'slow  speed 
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veuriatlon  occurring  at  approximately  the  time  that  the  blast  wave  eur- 
rived  at  the  recording  shelter.  Since  the  recording  shelter  was  ap¬ 
proximately  1000  ft  closer  to  ground  zero  than  the  gages  themselves, 
this  disturbance  ended  before  the  arrival  of  the  blast  wave  at  the  gages. 

2.  Cto  both  shots  each  channel  showed  a  sharp  smedl  deflection 
at  zero  time  which  provided  a  very  satisfactory  zero  time  reference. 

This  deflection  was  due  to  the  induction  signal  and  the  effect  of  this 
signal  was,  if  anything,  smaller  than  that  observed  on  the  direct  oscil¬ 
lograph  recording  system. 

3.  On  Shot  9,  approximately  5OO  msec  after  the  arrival  of  the 
blast  wave,  serious  noise  steurted  on  all  channels.  This  noise  might 

be  attributed  to  microphonics  of  the  gage  oscillator  except  that  it  was 
also  observed  on  the  10,000  cps  standard  frequency  channel  whose  source 
was  at  the  recording  shelter. 

4.  On  both  tests  the  results  from  the  two  Vibrotron  channels 
were  entirely  unsatisfactory.  The  noise  level  was  so  high  that  the 
signal  was  imperceptible.  This  noise  appeared  to  result  at  least  partly 
from  cross-feed  of  the  carriers  of  the  other  channels  due  to  the  ground¬ 
ing  situation  described  above,  but  may  have  been  also  due  to  interference 
from  other  sources.  An  examination  of  the  recording  head  output  on  the 
cathode-ray  oscilloscope,  showed  a  barely  recognizable  carrier  at  ap¬ 
proximately  21,000  cps,  but  a  very  wide  spectrum  of  noise  obscured  this 
carrier. 


5.  On  both  tests  the  two  SRI  channels  produced  records  which 
were  reasonably  satisfactory.  The  long  period  noise  described  in  3* 
above  wis  evident  on  both  channels  and  certain  shorter  period  noises  were 
also  present.  The  result  was  a  certaJji  increase  in  probable  error  over 
the  direct  recording  record. 

6.  The  two  Wiancko  channels  show  the  same  noises  as  are  evident 
on  the  two  SRI  channels  plus  a  small  amount  of  relatively  steady  moderate 
frequency  disturbance  which  is  attributed  to  cross-feed. 

Since  one  of  the  major  purposes  of  this  experiment  was  the  in¬ 
vestigation  of  certain  techniques  in  playback  for  improvement  of  signal- 
to-noise  ratio,  these  techniques  were  now  initiated.  The  10,000  cps 
crystal -controlled  channel  was  fed  through  a  demodulator  similar  to 
those  used  for  the  playback  of  the  signal  channels.  Ideally,  the  output 
of  this  10,000  cycle  channel  should  be  a  steady  DC  signal  which  could 
be  beilanced  to  zero  with  the  balancing  control;  in  practice,  this  was 
not  the  case.  Noises  due  either  to  speed  variations  in  recording  or 
playback  or  to  tape  stretch  appeared  on  the  output  of  this  channel. 

For  instance,  the  long  period  shift  occurring  at  the  time  of  blast 
arrival  at  the  recording  shelter  was  equally  evident  on  this  channel 
and  on  all  other  recording  channels.  Other  shorter  period  noises  were 
also  evident.  The  simple  cure  for  these  noises  on  the  recording  chan¬ 
nels  was  almost  obvious.  The  output  of  a  signal  channel  was  connected 
in  series  opposition  to  the  output  of  the  10,000  cycle  reference  channel. 
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after  demodulation.  By  suitable  adjustment  of  attenuators,  a  balemce 
could  be  achieved,  with  the  result  that  a  v^iry  wide  change  of  tape 
speed  produced  no  signal  output  from  the  combined  channels.  Any  noise 
from  this  source,  therefore,  would  appear  caboth  channels,  and  as  a 
consequence  would  be  eliminated  from  the  combined  output. 

The  correction  method  described  above  gave  excellent  results.  It 
resulteu.  lu  liaprovesient  of  at  leant  20  db  in  signal -to-noise  ratio  on 
the  SRI -A  and  SRI-B  channels  with  a  lesser  improvement  on  the  Viancko 
channels  since  noises  of  other  types  were  present.  In  practice,  a 
slj.ghtly  different  arrangement  appeared  desiiable  since  the  arreuagement 
described  did  not  permit  the  simultaneous  recording  of  the  uncorrected 
signal  and  the  corrected  signal.  This  wsis  true  because  a  galvanoiaeter 
connected  across  the  signal  channel  output  only  received  a  certain 
amount  of  correction  from  the  reference  channel  and  the  reference  channel 
correspondingly  received  a  certain  amount  of  cross-feed  from  the  signal 
channel.  This  difficulty  was  readily  overcome  by  feeding  each  (the 
signal  channel  and  the  reference  channel )  iito  one  of  the  two  grids  of 
a  balanced  cathode-follower  DC  amplifier  tiirough  a  suitable  potenti¬ 
ometer.  The  combined  recording  galvanometer  was  connected  between  the 
cathodes  of  the  two  tubes.  The  individual  recording  galvanometers  were 
connected  directly  to  the  individual  channels  through  suitable  attenua¬ 
tors.  This  arrangement  avoided  the  cross-feed  described  above.  To 
coii5>lete  the  playback  system,  a  portion  of  the  10,  OCX)  cps  signal  was 
picked  up  after  the  amplifier  stages  in  the  10,000  cps  playback  channel 
and  was  fed  to  a  portion  of  the  divider  system  from  the  Hewlett-Packard 
frequency  standard.  This  nominal  10  kilocycle  frequency  was  substituted 
for  the  controlled  10  kilocycle  frequency  of  the  frequency  standard  and 
was  subdivided  to  lOOC  cycles  and  100  cycles.  This  conibined  1000  cycles 
and  100  cycles  was  fed  to  a  timing  galvanometer.  Although,  due  to  any 
speed  variation  which  might  take  plewe,  these  standard  outputs  were  not 
exactly  their  nominal  frequencies,  they  did  represent,  on  the  final 
record,  time  intervals  which  were  exactly  their  normal  period  at  the 
time  of  recording.  They  were  used,  therefore,  for  the  counting  of  time 
on  the  final  records.  On  each  of  the  final  records,  then,  four  channels 
were  recorded:  a  timing  channel,  the  output  of  the  reference  oscillator 
channel,  the  unccrrected  signal  output,  and  the  corrected  signal  output. 
Portions  of  some  of  these  records  are  shown  in  Figs.  B.2,  B.3>  and  B.U, 

B.k  LATER  TESTS 


Since  no  results  were  obtained  from  the  two  Vibrotron  channels 
on  Shots  9  and  10,  a  later  opportunity  was  taken  to  conduct  field  tests 
of  these  Instruments.  During  a  series  of  tests  using  HE  charges,  at 
Camp  Cooke,  California  (Project  MOUS),  these  two  channels  were  installed 
in  a  manner  similar  to  that  described  in  B.2.  The  gages  were  installed 
at  the  earth's  surface  60  ft  from  a  2^6  pound  TITT  charge  and  fkdjacent 
to  a  standard  Viancko  gage,  normally  r-ecorded.  Since  pla>t>ack  tests 
had  indicated  that  effects  of  tape  sp<5ed  variations  could  be  minimized, 
the  special  fork  amplifier  was  omitted,  and  the  ^mpex  recorder  was 
operated  directly  from  an  Oman  engine-driven  gin^rator  which  also  powered 
the  remain'^e**  of  the  equipment. 

Satl  sfactory  results  were  obtained,  and  the  final’  records  are 
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Fig.  B.5  Vibrotron  Channels,  2^0  Pounds  HE 

2U 
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shown  in  Fig.  B.5* 

B.5  RECORD  ANALYSIS 

The  finsLl  records  were  aneilyzed  only  to  an  extent  sufficient  to 
allow  evaluation  of  the  quality  of  the  results.  The  calibration  deflec¬ 
tions,  recorded  at  the  same  instrument  settings  used  for  the  final  records, 
were  read  and  converted  to  a  calibration  curve.  This  curve  was  applied 
to  the  gage  records  to  obtain  values  of  peak  pressure  and  pressure  at 
later  times.  These  values  were  compared  with  corresponding  readings 
from  the  standard  gages. 

B.b  RESULTS  AI^D  OBSERVATIONS 


In  evaluating  the  results  of  these  experiments,  thi-ee  senarate 
portions  of  the  equipment  should  be  considered:  (l)  the  transducer,  in¬ 
cluding  the  local  oscillator;  (2)  the  recording  equipment;  (3)  the  play¬ 
back  instrumentation  and  techniques. 

B.6.1  Transducers 


The  four  channels  using  Wiancko  gages  as  the  primary  transducer 
gave  records  which,  as  might  be  expected,  resembled  very  closely  those 
recorded  directly  from  Wiancko  gages,  except  that  the  signal -to-noise 
ratio  was  poorer.  This  ratio  was  best  on  channel  9BV  (SRI-B  oscillator) 
which  had  the  greatest  frequency  deviation  (Fig.  B.2).  Certain  steady- 
state  noise  on  channels  9BW  and  9BX  (Wiancko  9-1002  oscillators)  may  be 
attributable  to  the  use  of  undesirable  carrier  frequency  ratios.  Other 
noises  on  these  records  were  similar  to  those  on  channel  9BU  (SRI-A 
oscillator)  shown  in  Fig.  B.3. 

The  record  analysis  shows  pressure  values  from  channel  9BV  which 
deviate  over  I5  per  cent  from  those  obtained  from  the  reference  gage, 
whereas  the  others  check  within  5  per  cent  or  better.  It  is  concluded 
that  this  oscillator  is  less  stable  than  is  required  for  satisfactory 
operation. 

The  records  from  the  two  Vibrotron  channels,  shown  in  Fig.  B.5, 
differ  markedly  from  each  other  in  damping  characteristics  and  rise 
time.  Figu  e  B.5A  shows  a  slow  rise  time  and  over-damped  characteris¬ 
tics,  B.5B  a  relativel.y  fast  rise  but  severe  overshoot  and  later  ring¬ 
ing.  Indications,  partly  verified  by  discussions  with  the  manufacturer, 
are  that  little  attention  is  paid  to  the  damping  of  these  gages  in  their 
design  and  manufacture.  They  were  designed  for  semi steady- state  use. 

B.6.2  Recording  Equipment 

On  all  records,  there  are  noises  introduced  by  the  recording 
equipiu^'^t.  The  most  pronounced  of  these  is  a  speed  change  at  the  time 
that  the  shock  strikes  the  recorder.  This  is  observed  in  Figs.  B.2, 

B.3,  and  B.4  about  7OG  msec  before  the  gage  signal  arrival,  even  though 
the  recorder  was  mounted  in  a  buried  concrete  shelter.  In  Fig.  B.5, 
this  is  seen  about  350  msec  after  the  gage  signal  arrival,  since  in  this 
case  the  recorder  was  more  remote  than  the  gage.  The  speed  cheinge  was 
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more  severe  in  this  latter  case,  since  the  recorder  was  mounted  in  a 
truck  which  was  directly  exposed  to  the  blast  wave. 

This  disturbance  is  attributed  to  the  mounting  used  for  the  cap¬ 
stan  drive  motor.  During  operation,  the  motor  and  its  drive  wheel  are 
held  against  the  capstan  drive  disc  by  a  solenoid.  The  force  applied  by 
this  solenoid  is  estimated  to  be  somewhat  than  the  mass  of  the 

motor,  so  that  a  negative  acceleration  of  le^s  than  1  G  can  separate 
the  contact,  permitting  the  tape  drive  capstan  to  change  speed  temporarily. 
In  addition  to  the  above  shortcoming,  the  open  construction  of  the  Ampex 
recorder  makes  it  better  suited  to  studio  use  than  to  field  use. 

B.6.3  Playback 


The  playback  equipment  operated  as  expected.  The  technique  used 
to  reduce  the  effects  of  speed  variations  is  considered  to  be  success¬ 
ful.  Its  operation  is  most  apparent  in  Fig.  B.5^  where  the  large  ampli¬ 
tude  noise  of  wide  frequency  content  which  is  caused  by  the  recorder 
trouble  described  in  B.6.2  is  almost  completely  eliminated.  It  must 
be  observed  that  this  cancellation,  adjusted  for  steady-state  carrier 
conditions,  becomes  less  complete  during  signeil  excursions.  The  ratio 
of  remaining  noise  to  the  original  noise  is  approximately  proportional 
to  the  signal  frequency  deviation  ratio.  Since  the  signed  frequency 
deviation  ratio  seldom  exceeds  10  per  cent,  this  represents  a  minimum 
reduction  of  this  type  of  noise  of  20  db  imder  maximum  signal  conditions. 

B.7  CONCUUSIONS 


The  following  conclusions  are  considered  Justified; 

1.  None  of  the  transducer-oscillator  systems  tested 
are  entirely  satisfactory.  A  modification  of  the  SRI-B  type  or  of  the 
Wiancko  9-1002  type  is  probably  most  promising,  pending  a  completely 
new  gage  design. 


2.  The  Ampex  recorder  requires  some  redesign  for  com¬ 
pletely  satisfactory  field  use. 

3.  The  playback  technique  described  is  considered  to 
be  a  real  improvement.  In  fact,  its  use  may  permit  a  considerable 
simplification  of  recorder  construction  without  loss  of  record  quality. 
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Defense  Nuclear  Agency 

6801  Telegraph  Road 
Alexandria.  Virginia  22310-3398 


TITL 


11  March  1994 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTENTION;  FDAB 


SUBJECT;  Declassification  of  WT-711 


ERRATA 


Reference  AD-373321L. 

The  Defense  Nuclear  Agency  Security  Office  has  declassified  the 
following  technical  report; 

WT-711 

Operation  Upshot-  Knothole,  Nevada 
Proving  Grounds,  March  -  June  1953, 

Project  1.1b  -  Air  Pressure  and 
Ground  Shock  Measurements. 

The  following  distribution  statement  applies; 

Distribution  authorized  to  U.S.  Government 
agencies  only;  test  and  evaluation.  Other 
requests  for  this  document  shall  be  referred 
to  the  Defense  Nuclear  Agency,  6801  Telegraph 
Road,  Alexandria,  Virginia,  22310-3398. 

FOR  THE  DIRECTOR; 


ERRATA  J 

G.  RUBINK 

Chief,  Technical  Information 


Defense  Special  Weapons  Agency 

6801  Telegraph  Road 
Alexandria,  Virginia  22310-3398 


OPSSI 


MEMORANDUM  FOR  DISTRIBUTION 


MAY  8  1996 


SUBJECT;  Declassification  Review  of  Operation  UPSHOT-KNOTHOLE  Test  Repons 


The  following  90  reports  concerning  the  atmospheric  nuclear  tests  conducted 
during  Operation  UPSHOT-KNOTHOLE  in  1953  have  been  declassified  and  cleared  for 
open  publication/public  release: 

\VT-702,  WT-703,  WT-705,  WT-709  thru  WT-71 1,  WT-713  thru 
\VT-719.  \VT-721  thru  WT-742.  WT-744  thru  WT-746,  WT-749  thru  WT-755,  WT-757 
thru  WT-761.  \\T-763,  \VT-764,  WT-766  thru  WT-781,  WT-784  thru  WT-787, 
\VT-789,  ^^-790,  WT-792  thru  WT-796.  WT-798,  WT-801,  WT-805,  WT-808,  WT- 
809,  \VT-8l  1.  \VT-812.\VT-814.  WT-817,  WT-820.  and  WT-822 

.An  additional  6  UTs  from  UTSHOT-KNOTHOLE  have  been  re-issued  with 
deletions  and  are  identified  with  an  “EX”  after  the  WT  number.  These  reissued  versions 
are  unclassified  and  approved  for  open  publication.  They  are; 

\VT-743.  \VT-747.  VVT-802,  WnT-SlO,  WT-825.  and  WT-82S 

This  memorandum  supersedes  the  Defense  Special  Weapons  Agency,  OPSSI 
memorandum  same  subject  dated  June  1 1,  1997  and  may  be  cited  as  the  authority  to 
deciassift-  copies  of  any  of  the  reports  listed  in  the  first  paragraph  above. 

RITA  M  METRO 
Chief,  Information  Security 
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